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Corrosion=-Resistance of Materials
in the Aggressive Medla of Chemlcal Processes
G. Ya. Vorob'yeva

Sources Korrosionnaya Stoykost! Materfalov (v Agressivnykh Sredakh
Khimicbeskikh Proizvodstv), Moscow, 1937, pages 1«11 and 74.15%,

This book is a collection of published data, partially supplemented by
experinental data of thc author, on the properties and corrosion resistence
of the most wldely used metallic and nonmctallle structural materials and

protective coatings,

The book 1s intended as a refereuce ald for designers and enginecering

technical personnel of chemical plants and sclentific research institutes,
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FORZWORD

One of the Important goals set forth by the party and government is the

development of every phase of the chemical industry.

In connection with this, specilal emphasis is placed on the development
of & vigorous chemical machine-construction industry, which will be called
upon to provide the country with equipment capable of withstanding various

aggressive media,

Along with meatals, other materials will b2 used widely as structural
materials and protective coatings. By 1970, for example, plastics will
make up an appreciable part of all the materials used in the construction of

chemical equipment,

The domestic literature is almost completely lacking in reference mane
uals contalining data on the corrcsion resistance of mctals and nonmetallic

waterials,

In this book an attempt 1s made to fill this gap and tc help the spec-
jalist in the selection of a corrosion~resistant material or opretective
coating. Beslides the descripticn of the corroslon properties of the materials
most widely used iIn the chemical industry, information about other properties
is included as well, Tho feasibllity of using these materials under various

conditinus s also indicated,

The data included in the tables of corrosion resistance are taken frown
literature sources and partially supplemented by experirontal investipations

(as indicated in the fostnotes),
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Each evaluation of the.corroslon resistance of a metal, alloy or non-
motallic material is obtained as a result of the goneralirzation of at least a
few concurrent dat;’?}om differont sources. The principal soufces included
the xnost complete contesporary domestic and forelgn handbooks of the corrosion
resistance of materials: Dyatlova, V, N,, "Korrozionnaya Stoylost' Matallovy
§ Splavov", 1964 ¢d,; Batrakov, V. P., "Korrozivs Konstruktsionnykh Materialov
v Agrassivaykh Sredakh", Oborongieg, 19523 "Korrozivnnaya { Khimicheskaya Stoya
kost' Materialov", Handbook edited by N, A, Doliezhalya, Mashgiz, 19543
Mantell, C. 1., "Engineering Materials Handbook", London, 1958; Rit%ir, F.,
"Korrosionstabellen Metallischer und Nichtmetallischer Werkstoffe", 1952,
1956; Dechema Werkstoff-Tabellen, 3rd edition, 1953-1964, and also other

references listed in the bibllography.

When the evaluation of the corrosion resistance of a certain material
involves information from the literature which is inconsistent, this is

indicated in a footnote to the appropriate table,

The author hepes that thls book will be useful not only to designers and
techniclans, but also to all these working in the arca of the study of

corroslon processes,

INTRODUCTION

The equipnont of most chemical processes s used under rigorous condie
tions, It is subjected to the simultanecus influence of aggressive nodium,
high temporature, pressure, and also mechanical cffects (grinding, wearing,

etc.). Under such conditions, wetals™ are subjacted to corrosion {disinte-

* Hore and bslow the term "notal”™ refers Lo alloys as well as pure motals,

gration caused by an external modium) and, to a lessor degree, erosion
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(disintegration caused only by mechanical action),.

Corrosion may be elther electrochemical (most prevalent) or chemical (for
il
example, the action of dry gases or liquid organic compounds on metals at high
temperatures, under which conditions the electrochemical processes cannot

occur because of the absence of active ions),

The classification of various types of corrosion is illustrated in Fig. 1.
Liquid corrosion occurring iIn electrolytic solutions is a form of electro-
chemical corrosion, The corrosion processes which take place in the atmos-
phere and the soll due to the presence of molsture are also classes as electro-

chemfcal, although they differ in a number of details,

Legend for Fig. 1:
A - Classification of the corrosion of metals
B - By the kind of corrosion medium
C = By the nature of destruction

D = By the kind of process

Gaseous corrosion, which occurs chiefly at high temperatuces, is a form

of chemical corrosion, It.ls most frequently a result of the oxidation of
metals by oxysen., The rate of gascous corrosjon depends on the nature of the
metal, the typn of process, and also the protective properties of the oxide
filne vhich form on the metal, For iron (steel), for caample, the oxide layer
{s protective up to & temporatuve of 575-600'C; at higher tumperatures it
becoras porous, loses its protactive propertics, and allows the rate of core

rosion of fron to increnco sharply.

In addition te oxyponr, the following gises eve very destructive to steal
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and non-ferrous metals at high temperatures: sulfur dléxide, hydrogen sule
fide, hydrogen chloride, chlorine, hydrogen (under pressure) and others,
Chlorine and hydrogen chloride are the most dangerous; &s with other gases,
the intensity of the;r actlon depends on tho properties of the metal and the
temperature of the reaction., Thus, dry chlorine corrodes steel at temperas
tures above 200°C; hydrogen chloride above 300°C; sulfur dioxide, sulfur
vapor, nitrogen dioxide ~ 500°C; and hydrogen sulfide above 500°C (at tem.

peratures below 500°C hydrogen sulfide does not corrode ordinary steels).

The temperatures at which the same aggressive media act on non-ferrous
metals are different, Thus, chlorine causes corrosion of copper #t tempera~
tures above 300°C and nickel above 540°C, Sulfuv vapor and sulfur compounds,
especially hydrogen sulfide, begin to attack nickel at 300°C. Hydrogen
sulfide has a very strong effeét on copper In the presence of atmospheric

oxygen, but sulfur dioxide begins .o attack copper only at 700.900°¢C,

In the presence of water vapor, the gaseous corrosion of all metals is
increased sharply and the temperature liuits of their utilization in gaseous
medla arc lowered appreclably, Hydrogen is dangerous at high temperatures
and pressures (more than 100 atm) since it causes "hydrogeric corrosion" of
steel, resulting In its disintegration, It also causesr the formation of

eracks (hydrogen dbrittleness) in copper and its alloys,

Dopendin: on the nature of thae destruclion, zorroslor ¢an he classified
as follows:

a; uniform; this occurs waen the i.otal 1s sufficlieatly thick and the
gtrerres (tension, compro=iton) are distributed unifornly, This type of
corrosion has lltkle effect on “h: ntiechanleal stiength of a stiucture end ie

evaluated by riresuring tha less of masa et unit srea of wuctal er the depth

us-
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of corrosfon of its surface;

b) non-uniform (in particular, local) corrosion (spots, pits, holes and

point corrosion) qs}ies when the metal is not completely passive, when there
is non-uniform asration of indentations, when there are different concentra;
tions of solution at different parts of the metal, when the machining of the
metal surface is ron-uniform, ete, Thus, point corrosion occurs as a result
of the disturbance of 1solated regions of the passifying layer, f. . example
at Impurity sites. This type of corrosion is especially typlcal for chromlum,
aluminum and chromeenickel steels, Slit corrosion is a varlety of local
corrosion which is characterized by the increased disintegration of a metal
under bearings, at sites of loose connections, in clearances, in threaded
joints, etc;

¢) selective corrosion s characteristic of brasses, in which one of the

components of the alloy (zinc) goes into solution (the phenomenon of dezince
ing);

d) Intercrystalline corrosion occurs as a result of the disintegration
of the metal along graln boundaries, 1t propagates quickly into the interlor
of the metal and leads i» a sharp degradation of its mechanlcal properties,
Under these circumstances the fallure of an ltem may occur unexpectedly,

without any change in the external form of the metal,

Intercrystalline corrosion Is inherent in many metals; several of thenm
are especially susceptidle to this form of corrosion when they are in a

strossed condition,

There 210 qualitative and quentitative nethods for the evaluation of

corronion,

The qualitativa rathnds Includes externnl inspection of spozlimens of the
metal afcor they have beon acted upon by an zgzressivo medium; observation »f

b
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the distribution of corroslon products on the surface of the metal, and also
noting changes in the solution (turbidity, change of color, appearance of cor-

rosion products in the form of sedimentation, etc.).

In addition to visual examination, more detailed qualitative information
is obtained by means of micrescopic inspection of specfmens subjectad to
corrosion (especially important for the detection of intercrystalline corrosion),
Indicator methods are also used, In this case a substance added to the cor-

rosion medium forms a color when it reacts with metal lons going into solution.

Quantitative methods for the evaluation of cortosion lanclude: measurc-
ment of the rate of the corrosion process by a weight or volume method; deter-
mination of th: mechanical properties of the metal or other material zfter it

has bcen exposed to an aggressive medium; electrochemical measurements,

The volume method for the determination of corrosion rates is based on
the measurement of evolved or absorbed gases, For example, with the hydrogen
corrosion meter {t is possible to calculate the amount of metal which has

gone into solution fryen the volume of hydrogen evolved,

In the weight method, the mass difference is determined by weighing
metal spacimens before and after the corrosion tests (with corresponding

proliminary treatment of the samples),

In the case of uniforr corrosion, a measure of thc corrosion resistance
of a metal 1s the quantity of nectal which goes into solution. This is detere

mincd elther frow tue loss of mass of the sample, referred to unit surface

(1 m, 1 en) ond unit tine (hr, day, year), or from the depth of corrcelon

(mn/yr),

The welght Inde:r, designated by thoe letter X, ic oxpressed In the unlts

-7-




c/(m*<hr) and 1s calculated froa the formula

loss (or gain) <f mass

(surface of sample)(dvration of test)

The deﬁtﬁ’lndex, sometines called the penetrability, is designated by
the latter P; it is expressed in units of mm/yr end is calculated from the
formula

8,76 K

P = —tm

d

where P is the loss in mm/yr, determined by welghing the sa.ple before and

after the vest, aud d Is the density of the metal being tested (g/em®).

A S5.point scale is used for the evaluation of the corrosion resistance
of wmetals by the mass method, whercas the depth index Is rated on & }0-point
scale (GOST 5272-50). The S-point scale it used more frequently, in accorda
ance with gencrally accepted practice for the evaluation of the ecrrosion
resistance of metals in other countries. The differcnce consists of the
fact that the metal is usually considered to be unstable already when the
rate of corrosfon is /recater than 3,0 mm/yr, The 5~ and !10.point scales used

to evaluate the stabiiities of metals are given in Table 1,

Legend for Table 1:
A « 3.pnint scale; B « l10-poiut scalc; C - stability group
D - loss of mass, g/(n°-hr); E - rate of corrosion, mm/yr;
F = very stable; G - stable; H - comparatively stable;
1 - 2lightly stable; J - unstable; K - completely stableg

L - docreased stabillty,

Tho corrosion processcs of noncatallie polyrerie materials differ from

thoso of mate)s and thelr wochunisre have nat yet been studled sufficlently,

.80
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" b T CTOi T
£ rpynua ctofikoerx Eo:/;(v:;r:)ccu e Crp) I;:;::Sm‘ ?opoa‘l‘/lsgspoaml
F Eecuva croifikit <0,10 1 }Eoncp“mcu_no <0,001
CTOHKIT
7 & Crofixu 0.10~1,0 | 2 | Betska cron 0,001—0,005
: it
J/ Cpaonttresibho 1,0--3,0 3 0,005--0,01
croitkuil : ) .
Manocroiikuit 3,0~10,0 4 Croiikiit & 0,01—0,05
J Hecroiiknit >10 5 0,05—0,10
6 Towmnxeto 0,10-0,50
7 croitkttit -1 0,50—1,0
§ / Maaociolikuit 1,0—~5,0
9 T 5,0—10,0
i0 Hecroiixih >10,0

Table 1, Classification of the stability of metals by 5« and 10-point
scales,

Thus, whereas the corrosion of r>tals occurs principally at the phase boundary

between the metal and the medlum, the swelling and dissolving of a polymeric
materlal under the Influence of a corrosion medium extends to the interior of
the materlal and dcpends on diffusion processes. In the latter case, the
determining factors are the nature of the material and the corrosive medium
(concentration, temperature, length of exposure, etc.). The action of chen-
fcal rcagents on polyrmeric materials may cause their destruction and lead to
a loss of thelr initial properties. The action of some madia (concentrated
aclds, strong oxidizers, etc.) causes rubhers to "age" gradually, That is,
they lose thoir elasticity, harden and become brittle. On the other hand,
under the Influonce of other meZia they swell, increasing in volume until
thoy dissolvo, and thelr strength characteristics decrcase sharply, Soma
media extract the binding or separating insredients from resin nixtures,

Tiis in turn {npalrs other properties of the resin, in particular its strength,
Agrrassive media may esuse laequers and cucnsls to 1ose tiwir luster, becomo

brittle, and crac’, This ray veaken the adhesion to the matal to the point

wvhere tho fil:y of raterial scnales off,




The corrosion of materials of inorganic driglu involves & gradual dlse
integration under the Influence of stresses, These stresses are causéd by
the formation of new compounds of larger volume in the pores of these matere
fals or by the interaction of individual ccmponents with the medium (for

example, S10; with bascs).

Chapter 11

NONMETALLIC CORROSION-RESISTANT MATERIALS

Nonmetallic, chemically-stable materials have been used widely in recent
years as corrosion- . 3istant structurel materials and protective coat!ngsl.
This makes it possible not only to conserve noneferrous metals, expensive
high-alloy steels and alloys, but also to carry out industrial processes for

which metallic equipment is not suitable,

For examiple, at prosent nonmetallic materfals (mainly plastics) are used
for equipment construction in the USA and FRG (Fedcral Republic of Germany)
in the amounts of 21 and 16%, respactively (of the total amount of structural

materials used),

Along with plastics, thore has been a large expansion of the use of
nonmetallic materlals based on sillcates, which ave used to prepare glass

tub'ng and onarcled and ceramic equipment,

All the nonnetallic corrosione-resistant matorials can be divided into

two classest materials of orgenlec and Inorganie orlgin2°85.

The scloction of raterianls of the organic class, In contrast to thoe

inorganic class, 1s extreoinoly largs and is groving continuously,

e e e A s




Fige 12 shows the classification of nonmectellic

origin in schomatic form,
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Fig. 12, General classification of nonmetallic materials of organic

origin,

Legend for Fig, 12:

A « Nonmetallic materials of organic erigin; B ~ Colored<iacquer

materials; C - Binding materials (cements); D « Materials based on

rubbers; E <« Plastics} F « Noneplastic materials; G -« Polymerizationg

H « Polycondensation} I « Bituminous-asphaltlicy; J - Wood pulp, tucated

and untreated; K « Carbon, treated and untrcated; L - Graphitoplasts;

M - Graphite, treatced and untreated,

On the basis of the varioty of mxterials and propertics available, the
oxtent of utllization and significance, plastics sccupy the most importan:

3.9,85

position &nong nonmatallic corrosion-resistant nntcriale +« These are

sateriels vhich are based on natural o> ryuthetic compaunds and vhich can to

.l‘-




molded with the application of heat and pressure, They retain their molded

shape after cooling,

Depending on the method of preparation, plastics can be classified as

polymerigzation or polycondensation products,

Plastics are subdivided into thermoplastic and thermoreactive groups on
the basis of the type of polymeric compounds, Thermoplastics contain highe
molecular-weight polymers or copolymers of linear struccure (polyethylene,
polystyrene, polyvinyl chloride, etec.). Their composition also includes
plasticizors and stabilizers, When thermoplastics are heated, they become
soft and plastic} when they are cooled, they return to the solid elastic

state and regain thelr original properties, Thermoreactive plastics contain

lovemolecular-weight poiymers. They harden tbhiough the formation of polymers
with three-dimensional structures when they are heatcd or when they are ex-
posed to catalysts (phenolformaldehyde and carbamide Tesins) or hardeners

(epoxide resins, polysiloxanes, unsaturated esters).

When the temperature is increased, therroreactive plastics also becoms
plastic at first, Howcver, they undergo a transformation to a viscous state,
then harden, and finally becono Infusible and insoluble (due to the formation

of a reticulated structurc). They do not return to the plastic statc,

Thoermoroactive plastics differ In the type of filler which {s used to
give them spacified rmochanienl (strength) and other propertiess

1. Powderod (wood flour, asbestos powder, Quarte flour, etc.).

2. Fibrouz (cotton flocs, asbestos fiber, glass fiber),

3. Llamellar (glass or cotton fabric).

&, Plastics with glass filler (fiber, fabric) with tho genoral designae

tion "fibevrglaacz™,

.!2.
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Polymerization Plastics

This category includes plastics obtained by polymerization and copoly-

10. Almost all the plastics of this group (except asbovinyl) are

merization
thermoplastics, The characteristics and properties of polymerization plas-

tics are listed in Table 27,

Legend for Table 27:
A « Properties; B - Polyisobutylene PSG; C » Poly:thylene; D =~ high
pressure (low density); E « low pressure (high density); F - loly-
propylene; G = Polystyrene; H - block® I = emulsion; J - Folvmethyle
wethacrylate: (organic glass); K = Viniplast (polyvinyl chioride):
L « Fluoroplasts; M - Asbovinylj;
! - original monorers; 2 = GOST or TU (Translator's note: The symbols
appearing in this line and elsevhere throughout the book are standards
and specifications of various Soviet agencies); 3 - TU MKhP; 4 - VIU
MKhP; 5 « MRTU; 6 = STU; 7 = TUM; 8 « VIU; 9 « FP; 10 « density,
g/cm3; 11 - specific resilionce, kgf-cm/cmz; 12 ~ does not breuk;
13 = not less than} 14 - 1limit of strength, kgf/cmz; 15 = tensiong
16 - compression; 17 « flexure; 18 - relative elongation at rupture, %
19 - Brinell hardness, kgf/mmz; 20 - by Shore; 21 - Martens thermo-
stability, C; 22 « by Vicat: 23 . frost resistance, °C; 24 - lower
than; 25 « soffening temporature, °C; 26 - high-r than; 27 « thermal
conductivity, Ax 104, cal/(cmesccedeg); 28 - coefficicent of ‘inecar
tnermal expansion, « X 106; 29 - cpeclific volu-a electricai resistence,
ohm-cny 30 - polymer; 31 - clectric strength, volt/raa; 32 « dielec-
tric permeablility (at 50 Hertz); 33 - tangent of angle of diclecirie

loascs (at 50 Mort2); 34 - Water cbsorption Ir 24 hr, %3 35 « tempera-

ture linit of utilization, “C.
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Polylsobutylene is & rubber-like product with molecular weight from 2000
to 8(,000, It is obtained by the continuous polymerization of isobutylene
with a BF3 catalyst at temperatures from = 80 to = 100°C 1n the presence of
1iquid ethylene (refrigerant and solvent for the monomer). Polyisobutylene

18 resistant to moisture and weak aclds and bases, It is soluble in hydro-

._ carbons and carbon disulfide ard insoluble in lower alcobols and complex

ethers, It is unstable to the action of sunlight and ultraviolet radiation

in the presence of atmospheric oxygen,

High-moleculareweight polylsobutylene is manufactured in four grades
(VTU 1655-54): P-85, P-118, P~155, P-20C; low-molecular-weight polyisobutylene
is &eslgnated P-20 (TU 1761.54r). Grades P-200 and P-155 are used as corro-
sloneresistant material, filled with carbon black and graphite and manuface
tured, according to TU 2937-52, in the form of a sheet coating materisl, "PSG
brand shcet polyisobutylene". Polylsobutylene coatings may be used indepena
dently for protection from corrosion or as impenetrable sudblayers for various
kinds of coatings (at temperatures up to 100 °C), The great advantay: of PSG
polyisobutylene is its good adhesion to metals (withcut annealing) with the
cements 83 or 88N, Sheet polyisobutylene is well-kno:n abroad under the

trademark “opanol",

Po!xethzlenqll'lz is a thermoplastic polymer which Is produced by the
polymerization of ethylenc, The following polyethylencs are obt~ined, depend-
ing on the conditions: high-pressure (PVD}, low-pressure (PiD) and madiune
pressure (PSD), The difference In the mechanism of polynmerization of ethylene
under diffcrent pressures rosults in the formation of polyrmers with dissinilar

structures and proportics,

Highepressurc palycthylene Is distinguished by lou donsity; the degi o

.lﬁo
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of crystallinity amounts to ~65% and the crystal size is 190 ﬂ. Lowepressure
polyethylene is characterized Ly high density; the degree of crystallinity is
84877 and the crystal size is 360 K. Medium.pressure polyecthylene has ine

sreased density and crystallinity, amounting to 93%,

Polyethylene is highly resistant to a varlety of aggressive media (acids,
bases, salt solutions and various organic 1iquids), At clevated temperatures
it swells and even dissolves in benzene, toluene, etc. It ages under the

influence of hecat, ultraviolet radiation and atmospheric oxygen.

Several grades of highepressure polyethylene are manufactured (according
to MRiU 6-05-889-64), The designation "P2" Indicates that the raterizl in
question is low-density polyethylene (0,92 g/cm3 nominally)., The three nume
bers following are ten times the index of fusion and the terminal :etter
stands for the primary field of application. For example, P2030.K is lov~
density polyethylene (PVD) which has index of fusion 3,0 g/10 min and which

is designed for Inuulating conductors and general-purpose cables,

Lov-pressure (1, e., high-density) polyethylene is manufactured accord-
{ng to MRTU 6.05.890-64 with the following designations, depending on the
subscquent method of fabrication? L « for casting under pressurc; P -
compression molding; E - extrusiony V - blowine; N - dusting and fusing on
of proptective coaatings. These letters follow the nunbers showing ten times
the index of fusion., The in..ial designation "P4" stends for high-dcnsity

polyethylene (0,94 g/cm3).

The characteristlcs of hiche and lowepressure polycthylene are shown in
Table 27. Polycthylenes have very good enginecring properties, and they may
be uscd to f{abricate items by casting, extrusion and compression molding,

They can bz rwachined and they can bo econeated and weldad readlly,
y

e17-




v

The combination of ease of processing and high chemical stability makes
possible the widespread use of polyethylene in many brenches of technology. -
In the chemical industry this Includes applications as a ctructural material

and also for the preparation of protective coatings,

Polyothylene is manufactured by many forelgn companles unaer various
trade names, The names of several brands produced In vearlous countries are
Yisted below:

England , . . alcotena, polytene, telcotene
FRG . + + « » lupolene, hostalene, vestolene
Italy « « « « fertene, rotene

France . « o f['astilene, llionitene

USA . ¢« » & o« marlex, alatone

The selection and purpose of finlshed and semifinished polyethylene items

manufactured by domestic Industries are shown {n Table 28,

legend for Table 28:
1 - cable polyethylene (high pressure); 2 - for insulating conductors,
cables, radio apparatus; 3 - packing material (composition of polyethyl-
ene with polylsobutylene); & - chemically stable packing and scals;
S - polyethylene films; 6 « ¢lectrically insulating packing and wrapping
material; 7 - hoscs and tapes; 8 - polyethylene tape with adhesive
layer; 9 - for fastening polyethylene filns; 10 - shoets and plates;
11 « electrically Insulating materials; 12 « polycthylenc pressure tube
ing (high-pressure polyethylene); 13 - for transporting aggrc:sive
1iquids; 14 - game (lowepressure polyethylens); 15 - sama; 16 « fite
tings for pipas (highepressure polycthylenc); 17 - sama (loweprossure

polycthylenc); 18 - bottlea, vials, flask: and oth-r contalnersj
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19 « for storing and transporting aggressive liquids.
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Table 28. Selection of finished &nd semlfinished polyethylene items and
thelr purposes,

Polypropvlene, like polyethylene, is & thermoplastic polymer, It is a

product of the polymerization of propylene, Polypro~ylene {s characterizel

by a high degrec of crystallinity (95%) and a higher melting point then
polyethylence (160-170°C). It has distinct advontages over polyethylencs

higher strength, thermal stablility, fmperncability to gas and vapor, rosistance

to oxidation and the ection of ageressive medla, Hovever, iolypropylene has
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an appreciably lower frost resistance than polycthylene. In order to increase

its frcst resistance, polypropylene is modified by using other olefins, For
example, a copolymer of ethylene and propylene (SEP) has the same frost resis-

tance as polyecthylene,

The methods used to process polypropylene and polyethylene are analogous,
but polypropylene is somewhat harder to cement than polyethylene, Polypropyle
ene may be used to make tub'ng, parts of electrical and mechanical equlpmant,
molded and cast items, and textiles, It can also be usad to make industrial
films and fibers which are very impermeable to gaces. Polypropylene is pro-
duced as a white powder, sultable for processing, and in granular forn
(colored and uncolored. under five brands: PPel - for processing by casting
under pressure; PP-2 and PP-4 « for processing by the method of extrusion;

PP~3 and PP«5 « for compression molding,

As production volumes incresse, polypropylene will undoubtedly be used
more and more in anticorrosion technology. It is most well known abioad

under the name "moplene",

Polystyrene is a thermoplastic polymer which Is produced by polymerizing
styrene, Polystyrenes can be classificd as block, suspension or enmulsion,
depending or. the method of polymerizat{on. It has high chemical stabilityr
and exccellent diclectric propertles, but it has inadcquate thermal stability
and incrcascd brittlencss under the iniluence of impact loads, Block and
suspension polystyrenes are readlly processod by the nethods of eonprocsion
molding, pressure casting and extrusion., Emulsion polystyrene cannot bae cas®
under pressure vory successfully, so it Is most often used for making foanm
articles and ja heting blocks, When styrene is copolyerized with other

mononers (for example, acrylonitrllo, (¢ -mcthyl styren2, etc.), the theeral



and mechanical properties of the polvmer are improved eppreciably., The plase
tics designated SN, SN-28 and SN-20, obtained by copolymerizing styrene with
acrylonitrile, belong to this category. Combining the copolymer SN-20 with
the nitrile rubbers SKN-26 and SKN~40 yields the plastic SN-P (steble), which
has improved mechanical properties., Combining polystyrene with SKN-18 rubber
gives a casting compositlon deslignated PKND and shockeresistant polystyrene

for processing by extrusion and pressure casting.

The selection and uses of polystyrcne and its copolymers are given in
Table 29, Polystyrene and its copolymers are marketed in other countries
under the following names: "styron", "dylon", "karinex", "kralastic",

cycolac, etc.

Legend for Table 29:
1 - Block polystyrene (brands D and T); 2 - Polystyrene D, for making
parts for electrical equipment; polystyrene T, for varlous industrial
products; 3 - Block polystyrene (rolled); & - For making electrically-
insulating !tems by compression molding and pressure casting; 5 « Blocke
polystyrene plates; 6 « For mechanical fabrication of components of
hgh-frequency apparatus; 7 - Emulsion polystyrenc (brands A and B);
8 - For electrically-insulating industrial items end for gcneral use}
polystyrene 8, for making anticorrvsion and tropic-stablc itenms;
9 - Emulsion polystyrene (biand €); 10 -« For making plastic fcams;
11 - Granular cnulsion polystyrenzy 12 « For making industrlial and
houschold itemsy 13 - Polystyrenc filn; 14 - For cablc manufacture;
15 - Styrene copolymers; 16 « For ftens uith incrcased mechaniecal
strensth and resistance to petroleun ether, olls and sea vater:

17 - Castines comnositions of brands PRiD, PDL3 ) PHID.10; % - For

.?_l.




fitems with increased mechanical strength and dielectric properties;

19 « Shock-resistant polystyrene of brands UPP«] and UPP-23

20 - For

the fabrication of industrlai items by extrusion and pressure casting.
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Polymethylmothacrylate (organic glass) is a thermoplastic polymer which

is produced by polymerizing the methyl ester of methacrylic acid. It is mane
ufactured in the form of sheet glass (TU M¥hP BU 23-53 and No. 26-54) and
compression-molding powder of brands L-1 and L-2 (TU 35-KhP-299-61)., Poly-
methylmethacrylate is characterized by high transparency and mechanical
strength, low density, and resistance to gasoline, olls and water. Organic
glass 1s used wldely for making windows for aircraft and automobiles, for the
preparation of transparent rodels of experimental apparatus, for medical

devices end instruments, watch crystals, etc,

Compression-molding polymethylmethacrylate powders are used to make
transparent Items with increased stabjiity (to oils, gasoline, alcohol, bases
and other chemical reagents)., Examples are inspection and gage glasses and

other parts of control and measufing devices,

Palymethylmethacrylate is known abroad under the names "plexiglass" (USA,

FRG, GPR, France), "perspex" (England) and others,

In addition to the polymerization plastics already considered, there is
a speclal group which 1s made up of products of the polymerization of halogen
derivatives of ethylenc, The simplest and most widely used representative of

this group is polyvinyl chloride,

Polyvinyl chloride is a thermoplastic polymer which s obtained by the

polymerization of vinyl chloride; that fs, ethylene in which onc of the

hydrogen atoms is replaccd by cnhlorine,

If polyvinyl chloride powder Is cembined with a stablilizcr end masti-
cated therromechanically with hoated rollers, the result is a wvidely known

solid raterial knowm as "viniplast”, Coubining polyvinyl chloride with o .
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plasticizer ylelds soft polyvinyl chloride masticated rubber.

Viniplast combines high stability in many aggressive media (acids, bases,
salt solutions, several organic solvents) with good physicalemechanical and

dielectric properties,

In this connection, viniplast is widely used as a construction material
for making tubing, valves and couplers, small apparatus, tanks, etc., andg

also for protective coatings.

The ute of viniplast is limited somewhat because of fts low thermal

stability ﬂ60-70°0) and insufficient frost resistance (from - 10 to - 20°C).,

Viniplast has good engineering properties: it 15 readlly welded, cemcnt-
ed, molded, pressed, stamped, and adapts well to various kinds of mechanical

processing (cutting, milling, boring, etc.)e

One of the well known copolymers of vinyl chloride is polyvinylidenc
chloride ("saran"), which contalns >75% vinylidene chloride. Its physical-
mechanical properties and chemical stability are superior to those of vinl.
plast, Saran is used for linings and for making corfosion-resistant tubing,

fittings, and single fibers,

Table 30 shows the varlety of items and purposcs of senifinished products

produced from vinlplast by domestic industrles,

Legend for Table 30:
1 - Shcets of brands VI, VP, ViT; 2 - For Llower hoses, apparatus, lin-
fngs; 3 - Tubing, rods and gectlon-shaped barsy & - For plplng systems,

pumps and fittings usced in aggressive medle; 5 - Flexible tubing (hoses);

6 - For transporting alr, oll, pas, vaterj 7 - Welding rodsj 8 - For




f1lling scams whcn welding viniplast fteimsy 9 - Fittings; 10 - For
drains, bends, tces, cross-connectors, compensators; 11 « Stralghte
through valves of the "Kosva" type; 12 - For valves in piping systems
for aggressive medla; 13 - Apparatus and cowponents; 14 - For tanké,
vats, splral tubes, reactors, mctering tani i, gas ductsy; 15 « She=t
mastlicated rubber; 16 « For protective cratings and packing;

17 -« Packing shecet nasticated rubber; 18 - Packing used for asarcessive
medie; 19 - Cable masticated rubber; 20 - For electrical insulation
and sheathing for electrical cable; 21 ~ Sheet masticated rubber for
gas apparatusj} 22 - Packing for gas apparatus; 23 - Calendered vini-
plast film; 24 - For electrical insulzation and other widely-used items;
25 - Perforated and corrugated; 26 - For electrical insulation;

27 - Packing film V«118; 28 « Covers for protecting machinery;

29 - Film masticated rubber; 30 - For diaphragms, membranes and other
parts of gas appavatus; 31 - Polyvinyi chloride insulating tape;
PRhL-20, PKhL-30, PrhL-40, PKhL-50; 32 « For repair and splicing of
insulation on conductors and cable shcaths; for protaction of underground
conduits; 33 -« Polyvinyl chloride adhesive tape; 34 - For protection

of petroleum-gas mains,

Viniplas. is known abroad chiefly under the names "vinidur", "ekadur®

and " P‘YC" .

{
Flqugglgigsq'l3’l' arc products of the polynerization of fluorine

derivatives of cthylenet trifluoruchlorocethylene (fluoroprlast«l) and tetrae
fluorocthylene (fluoroplaste4). They are distinzulshed by vory high chemleal

stabllity over a wide range of operating temperatures: from - 195 to + 125~

170°C for fluornplast-3 and from - 270 to + 260--300°C for {luoroplast<4,
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In terns of its chemical stability, fluoroplast-4 is superior not only
to all known plasties, but also to most metals, It is attacked only by molten
alkall mctals and elenental fluorine and it dissolves only in fluorinated kero-

SeNC.,

Fluoroplast-3 i{s somevhat less steble, In addition to the reagents
mentioned above, aromatic and some fluorine-containing hydrocarbons also act

on {t,

However, fluoroplast-4 has the disadvantage that 1t is hard to work with.
Fluoroplast items are fabricated by compression molding in two stages: first
it is subjected to high pressure (300-400 kgf/cmz) at room temperature, and

then it is baked at 370-380°C,

The chemical inertness of fluoroplast~-4 is also responsible for its poor
adhesive properties. For this reason it cannot be cemented or welded by the
methods normally used for plastics, In reccent years they have begun to use
welding In the fabrication of Items of fluoroplast-4, but, practically
speaking, it amounts to baking fluoroplast films and semifinished products
at high temperaturces (380-390 C). The pleces belng welded are heated by

means of metal plates which are supplied with electric current,

The technique of flux wulding has also been worked out for fluoroplast,
making it possible to obtain a welded seam which is alnost as strong as the
original material. The flux used is a fluorocarbon material (so-called UPI
grease) to which fluoroplast powdar is added, The welding is done at 370°C

under a pressure of 3 kgf/cwz.

It is even mare difficult to coment [luoroplast-h‘s. First the surface

i activated with, for example, a soluticn of natallle so.fum in liquid




ammonlal6

, and then the treated fluoroplast-4 surfaces are cemented together
or to other materjials with ordinary cements. Other chemlcals have also been
proposed for treating fluoroplaste4 before ccementing; for example, a melt of

pure potassium acecate (recomuended by A, Ya. Korolev, et. 31.17), heated to

~ 325°C,

In order to improve the industrial methods of forming fluoroplast-4 and
thus widen the range of utlility of thls material with its unusually high
corrosion resistance, various methods have been proposad for modifying poly-

tetrafluoroethylene,

The modified fluoroplast-4D Is an aqueous suspension of finely divided
fluoroplast«4 powder., 1t differs from ordinary polytetrafluoroethylene in
the form of the particles and the somewhat lower molecular welghtls. Aqueous
suspensjons of fluoroplast-4D, stabilized by surface-active materials, are
used for the application of coatings and for the preparation of films, ine
pregnations, etc, A paste can be obtained from the aqueous suspension by
precipitating the powder and adding benzine, vaseline oll, xylene and toluene.
This paste can then be used for fabrication by the extrusion method, the
jtems thus formed being subsequently baked at 370°C. This method is used to
make tubing and other items with more complicated cross sections, The same
paste may be used for chemically and thermally stable gaskets and packing.
The fluoroplast scaling materials FUM (MRTU 6-MS870.62) and packing (VTI 110-
€2) are widely used for joints, valves and other structural units which
operate under conditions of frictlon, vibrations, high temperatures and

aggressive medlal9.

Fluoroplast-40 and fluoroplast-42 are also modificd fluoroplasts, They

can be forned by compression molding, extrusien and pressure-casting and they

«28«
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can be welded by heating. They are manufactured In the form of white powde:
and may be used for the corrosion protection of chemical apparatu:z, piping,

fittings and other items which operate in very aggressive mcd1a20'21.

The fluorinc-containing polymer fluoroplast-26, soluble in organic sol-
vents but chemically stable, was developed to make films, plastic objects and

lacque: coatlings.

Unlike polytetrafluoroethyicne (fluoroplast-4), polytrifluoroethylene
(fluoroplast«3) has good engineering properties and can be formed by comprese
sion molding, pressure-cascing and extrusion, although at relatively high

temperatures (200-220°C and higher),

The thermal stability of fluoroplast-3 is not very high (100-120°),
With nodified fluoroplast-3M the useful temperature range is extended to

150-170°c22523,

Fluoroplast«3 is supplied to factories in the forum of powder or seml=
finished products, It is used chiefly to make electrical accessories, pack-
ing, membranes, etc., but it is also uscd for protective coatines for chemical
apparatus, The selection of compression-molded and semifinished fluoroplast

materials produced by domestic Industries is shown in Table 31,

Legend for Table 31:
1 - Fluoroplast-4 (brands A, B and V); 2 - For articles and films which
aro stable In agsressive iedia and have good diclectrlc propertics;
3 . Fluoroplast«&4D; & « In the form of pastes and dispersions for making
tubing by extrusion and for insulatinz and other coatings for shaped
objects; 5 - Fluoroplast~4C (brands II and 11I); 6 - As chemically

stable packing material and dlelectric, For 1 king stracstural tews by

«29.




o o™

NJiz‘r. (:-'7,“‘""‘. o o /.'n, N

’ Haumenopanie TOCT nau TV | Haavauenh
droponaacr-4  (map- | TOCT 10007—62 B wavcerse m3tcant M
-/ it A, b u B) 2 MoK,  CTORKUN K ar-

pecciuLiM  cpeaan, €
. BLICOKINGT  ANARCKT pitvec-
' KHMIL coolicToam
- @roponaact-4/J1 MPTY 6-05-942—64 | B osune mact it sitcnepeiit
3 - A% W3TOTOBACHIS IRCT]Y-
aeft TpyG 1t Aas uoayue- :
EMR H30ASUIONILIX 1T 3DY-
FHX NOKpLTH  npodiab.
HBX 113200
droponaact-40 (Map- | BTY TXK M-817—59 B  wauectoe  xuitiecn
5 K I 1), ' £ CTOMKOrG YILIOTHHT nlO -
. FO Mavepiasa M RHIICK-
Tpika. lan narorosae-
His  KOHCTPYKUMOHUHX
nagesft  mpoccoBatinem
’ (1) 1t sicrpyaueit (111
@roponaacr-42 (vap- | BTY 20862 Ian usroroniciis  npecco-
7 KM B, ITu J) ; BAHUNX I IKCTPYZIONUIILIX
wsneqtit  ([1),  poaokcH
(B) # naxosulX Roikpol-
it (JI), croilkux K ar-
PECLHBILIM CpeIaM
3arctonki u3 ¢ropo- | TY M-810—59 Jast uarorosasmst MoTOIOM
g naacta-4 ‘ ’ oNQXZlHH'X\"Ci(Ol"I odpadaTii
Y 3,eKTPOUB0ARIUONHLIX,
AnTHGPIUKUNONILIY, YT
JOTHAIQUUIX M XiMiqec-
Kl CTONKIX  350MCLTOR
KOHCTPYRWtt it zeTaqeil
3arotosxn 3 -xo- | BTY HCHX 08—59 Jns 13rotosacHin MeToI0M
// BoB dre Gaa-|TY 35 X11-605—63 L Mexanngeckeit afpadoriat
cra-4 YSTOTHSIOUGIX W aHTU
. dpitwitoneiX  H3Zemnl
15 Tlnactitiiet w3 Qropo- | BTY 35-XI-397—62 | s npokaajok 1 At

nnacra-4 !-- hparM
/5‘pr6u #3  ¢ropo- | BTY Ne 277—60 Dan Tpancropriupossit ar-
nnacta-4 : £ PeCCINX HiARocTel 1
rasos
Qroponaact-3 MPTY6 N:05-946—65 |B buge cycnenswit  pan
17 . y CAHTIKOPPOIHOIHLIX N0~
KpuiTith  #t Am #3ro-
TOBICHIIR 3Gl
Qroponnaci-3M MPTY 6-03-905—63 B nauccTie 3.TINGN no-
12 (mapiit A n D) ARDUTIRL 2% H3TCTON
SCHIE FACHUR B 2CTc:
"3arotomci 13 Gropo- | BTY M-840—01 JAR H3T0TON S MOTO,6M
#; naacTa-3M MOKMECCKAE 00pAsTI
- SOPRAOTHUTOILIUN 11 KO-
CTPYRLIOLL Qi
Hazcana w3 dropo- | TY M.830-60 B koweowne  yuaot
‘2 poacta-3 AJKWX 9A0NSHTOD
o PYRIGL
@ro;onanci-26 MPTY 6:05-095--0653 Nt noayusiun naciox,
S5 o MAROLEN RGKDWTIND 1t
aenuit
dropontacron il MPTY 6-M.§70—62 Ao mosyna anntmesi
o YROTHRATe ki SVCTOLREX B T CTGOL IR
Matepia @Y M) CanWNI

[SEUTNIRG

[ 193 W EREEN vl 4}

Table 31. Sclectlon of compression-nolded and semifinished fluoroplast mater-
lals,
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conpression=nolding (II) and ¢ trusion (IIl); 7 = Fluoroplast-42 (brands
V, Pand L); 8 - For making compression-molded and extruded items (P),
fibers (V) and lacquer coatings (L), stable in aggressive mediaj

9 - Semifinished products of fluoroplast«4:; 10 - For mechanical fabricae
tion of electrically insulating, antifriction, sealing and chemically
stable elements of structures and components; 11 « Intermediate products
of waste fluoroplast-4; 12 -« For mechanical fabrication of packing and
antifriction items; 13 - Sheets of fluoroplustef4; 14 -« For gaskets and
diaphragms; 15 « Fluoroplast-4 tubing; 16 - For transporting ageressive
liquids and gases} 17 - Fluoroplast=3; 18 - In the form of suspensions
for anticorrosion coatings and for making plastic articles; 19 - Fluoroe
plast-3M (brands A and B); 20 -« As protective coatings and for making
films and plastic articles; 21 « Intermediate products of fluoroplasta3d;
22 - For mechanical fabrication of packing and structural items;

23 - Articles of fluoroplast-3; 24 - As packing elcmonts of structures;
25 - Fluoroplast-26; 26 - For making films, lacquer coatings and plastic
articles; 27 - Fluoroplast packing material (FUM); 28 - For making
chemically and thermally stable, self-lubricatingz stuffing and packing

materials,

Many foreign companies produce fluoroplasts under various nanes:

"teflon”, "fluoa", "hostaflioen", "fluoroflex", "fluoroplost® and others,

Asbovinyl is a plastic obtalned from a mixture of ethinol lacquer and
pulverlzed asbestos. In splte of the fact that it ts made by palyucrizing
divinylacetylene and the tctramer of acelylene, asbovinyl is a tharmorecetive
Plastic, sinco it transforis Into an §nfucible and {nselulle state during the

settiny process,
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Asbovinyl Is prepared before uslng by mixing divinylacetylene lacquer
(ethinol lacquer) with asbestos fiber and hardening gradually (for 10-30 days

in alr without heating or for 2-15 days with heating, depending on the temp-
20,24,25.

erature)., It can be maclilned easily

Asbovinyl 13 used for protective coatings and for making sheets, plates,

2¢

tubing, fittings and other articles®” which operate in aggressive mzdias
dilute bases, salt solutions, non-oxidizing inorgaric and organic aclds, dry
and wet gascs, fresh and salt water, It can be used to protect not only

metals, but also wood aand concrece,

Recently there has been Increasing Interest In new chemically-stable
therrmoplastic materlals: polycarbonates, which are products of the reaction
of dipherols (for example, diphenylol propane) with esters of carbonlc acid

or phosgene; polvformaldehyde, produced by polymerizing formaldehyde; and

pentonlasi, a sinple chlorinated polyester (polypentaerythritol). These
materials form a speclal group which, in many rcspects, destroys the existing
notions about thrermoplastics., ‘They have a number of valuable properties
which make them very suitable for making various items which previously were
made of alumipum, copper, bronze, brass, stalnless stcel and other expensive

mnotals and alloysz7'87.

Tho physical and =mochanical properties of polycerbonates, polyformalde-
bydn and pentonlast arce listed {in Table 32 and data on thelr chemjeal stabil-

ftics are glven In Chapter M1,

Legend far Table 33
b ]
| « Censity, g/emy 2 « Specific restillence, kgf—cm/cmz; 3 . Comdres-

sion molded; & « Liidt Of strennth, kg[/cnz; 5 - under tensfon;

«32.
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Table 32, Physical and mechanical properties of polycarbonatcs, polyforma
dehyde and pentoplast,

l-

6 -« under compression; 7 ~ in flexure; & - Relative clongation at rupte

ure, %3 9 = Brinell hardness, kgf/mmz; 10 - Martens thormal stabild
°C; 11 - by Vicat; 12 « Frost resistance, °C; 12 - Melting point,
14 - Thcrmal conductivity, kcal/n-hredeg; 15 « Cocofficient of linear
thermal expanston; 16 - Specific volume clectrical resistance, olimec
17 « Electric strenzth, v/iimy 18 - Dielectric perireabllity (at 106
hertz); 19 - Tangent of angle of diclectric loss (at 106 hertz);

20 - ‘later absorption In 24 hrs, %; 21 « Accordins to forelen data
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Polycarbonates are thermoplastic polymers, polyesters of carbonic

acid, obtained by polycondensation of esters of carbonic acid with bivalent

phenols,

Polycarbonates differ favorably from other thermoplastic polymars in
their Increased strength under impact loading and the stability of thelr
properties and dimenslons in a wide range of temperatures from minus 100-135°
to plus 135-140°C. They are resistant to oxidation ahd to attack by gasoline
(with the exception of the lightest), various inorganic, animal and vegetable
oils, ailphatlc hydrocarbons, alcohols, dilute and fairly concentrated (Lydro-
fluoric, nitric) Inorganic and organic aclds, and oxidizing and reducing
media, They are less resistant to weak bases, amlne~, ammonia, chlorinated

hydrocarbons, pyridine bases and dioxanesgo.

Along with thelr high specific resilience, these materjals are inherently
flexible, so that they retain some elasticity even at temperatures as low as

- 190°C,

The mechanical properties of polycarbonates are malntained in air for 26
weeks at 150°C, for & weeks at 170°C and for 4 weeks in boliling water, Under
normal conditions they absorb 0,3.0,35% moisture at room temperature and not
more than 0,584 in bolling water vapor, indepcrndently of the tine of exposurc.

This is readily visible in Figure 13,

Polycarbonates have hlgh diclectric propertlies which are constant over «
vide range of tesperatures, They can be formed with standard equipment by
the riethods no .11y used for thermwoplastiecs: extrusion and press ree.casting,
Polycarbonate films and other products can be welded readily by hesting or

with hot air and cau be glued toycther with cements or approvrlate solvouts,

-3.
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Fig. 13, Stability of polycarbonates in water:

1 = boiling; 2 - under normal conditlions; 3 ~ under conditions of 50%

relative humidity,

Pclycarbonates can be used in anticorrosion technology as protective
coatings, deposited on metallic objects from solutions or by dusting with
powder, They can also be used as structural materials for making various
containers, tubing, pumps, blower components, stopcocks, fans and other equip-

ment which Is In contact with aggressive media,

The polymer is characterized by high transparency, so that it can be

used as a high-strength organic glass; rmoreover, it can be dyed readily in

any color,

M, S. Akutin, V., N, Kotrelev, ct, g_.zg have made class plastics lLased

on polycarbonates and glass fabric, having higher nechanical strenath than

ordinory glass textolites (ST, STU, STR«41).

Polycarbonate (diflon) is manufacturcd by domestic Industry in the form

of powder or granules (TU P-202.63),

Polycarbunates are produced abroad under the follouvlne tradenamest

lexan and merlon (UsA), makiolon (IFRG),
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Polyformaldehyde is a thermoplastic polynier which is produced

by polymerizing formaldehyde, It has a linecar structure and conslists of

branched polyoxymethylene chains (. . =0CH,-0CHp~ . ,) of great length,

It {s characterlzed by a high degree of crystallinity (about 75%),
rigidity, high mechanlical and impact strength, elasticity, good modulus of

elasticity, high thermal stability and resistance to solvents,

In practice, polyformaldehyde retains its mechanical propertlés in the
temperature interval from - 40 to + 120°C. At these temperatures, even with
a loadingz of 175 kgf/cmz, the coefficlent of friction of polyformaldehyde on
steel (0,1-0,3) does not change, so that it can be used as an intifriction

mater.al,

The excellent physico-mzchanical properties of polyformaldehyde are come
bined with good dlelectric properties, which gives {t great value as an elect-
rically insulating materlal. According to available information, the physical
and dlelectric properties of polyformaldehyde remain constant when it is used
under conditlions of prolonged heating at 85° and periodically to 120°C, even
in the presence of an appreclable amount of molsture or after direct contact
with water, The rather high melting point of polyformaldehyde (180°C), alon~
with its high desree of crystallinity and better creep-resistance than other
plastics, especlally at elevated temperatures, arc responsible for the high

dimensional stabllity of objeccts made of polyformaldehyde,

Flgure 14 shows the dependence of the clengation of polyformaldeuyde on

the duration of application of a constant load at 25°C,

The wear-resistance of polyfornaldehyde 1s hisher than other volyneric

naterfals, although not as good as the polyamides, Thus, for exariple, in
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Fig. 14, Dependence of the elongation of polyformaldehyde on the duration of
application of a constant load at 25C (in kgf/en?):

1 - 3505 2 - 4343 3 - 4555 4 - 490,

abrasion tests usiny a ball mill, the relative loss of mass (in g) of poly-

formaldehyde and other materials amounted to:

Materlal Loss of mass, g
Polyanmldes 4 o « ¢ ¢ ¢ ¢ ¢ 0 ¢ o o o 1
Polyformaldehyde o o o ¢ o o o o o o 46
POlystyrene o+ « o s o ¢ o o o ¢ o o 15-20

L
Hard rubber « o ¢ o o o o ¢ ¢ o o @ 10
Steel 4 ¢ o o o a ¢ 0 0 s 0o 0 0 e 15-20

Polyforualdehyde is characterized by increased resistance (compared, for
exarmple, with polvethylene) to the action of organic solvents: alcohols,
esters, and especlally aromatic, aliphatic and halegen-containing hvdrocar-

i bons, Howcver, 1t decoposes In concentrated inorganic aclds and bascs and
is lcss resistant to water than polycthylene., For more detafled infeormation

on the cheuleal stability of polyierwaldehyde, sce Chapter III.

Polyformnildehyde can be forincd casily with standard cquipient by the
ordinary rethods: casting, extrusiion and compression-rlding, It can be

veldcd and conented easily,
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The extrusion method can bz used to form polyformaldehyde into various
ftems of fixed cross section: bars, hoses, rods, tubing. It can also be
used as a structural material for making gecars, bearings of sliding collars,
fittings and other items, Polyformaldehyde film is very strong and with.
stands protracted loading, It Is also resistant to ordinary solvents, Poly~
formaldehyde with added stabilizers is produced in the form of a powder or
granules of two brands: A - casting, B = extrusion, of various designations

(STU 36-13-8+-64),
Polyformaldehyde is manufactured abroad by the Duport comp:any under
the nawme "delrin",

fentoglast5’10’27’93 ifs a thermoplastic polyester, chlorinated polypenta-

erythritol. It is a crystalline polymer and the chloromethyl group is bound
to a carbon atom of the primary chain of the polymer, Pentoplast contains up

to 467 chlorine. In contrast to polyvinyl chloride and perchlorovinyl, it

does not evolve hydrogen chlovide when it is heated to 285°C, and this guara

antces good chemical stability of the material,

Pentoplast is resistant to most organic solvents, weak and strong bases,
and weak and fairly strong acids, It is affected only by strongly oxidizing

aclds, such as nitric and funing sulfuric,

Under the Influence of aggressive madla, thoe mechanical properties of
pentoplast change to an appreclably s aller degree than do those of (lveroa
plast-3. Pentoplast is more resistant then polypropylenc to concentrated
fnorganic aclds (30% chronic and 604 sulfuric), organic aclds (75% acetlc)
and especially organic solvents: ketones, chlorinc-containing hydrocarbors
and aromatlc hydrocarbons. This Increased eh:zmical stablility of pentoplast

18 duec to fts structura -« the strength of the bonds botueen thie chloron:thyl

e
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groups and the carbon atoms of the primary chain and the compactness of its

erystal structure, The fortunate comblination of physico-machanical properties
with increased chemical stability distinpuishes pentoplast favorably from
other thernoplastic materials., Pentoplast also maintains its valuable cone
bination of mechanical characteristics and dimenslional stability at elevated
temperaturces., Its thermel stability 1s greater than ordinary thernioplastics
== even fluoroplast-3, to which it is coumparable in chemical stability, Thus
the diamcter of a spocimen of pentoplast which is held at 40°C for 24 hours
changes by approximately 0,05 mm, and at 80°C it changes by 0,06 mm. Under
the sarme conditions, the diamster of a specimen of fluoroplast-3 changes by
0,53 and 0,57 mm, respectively; that is, 10 ti.:2s as much, In practice,
pentoplast can be used at 120-125°C and, in the opinlon of some investigators,

at temperatures up to 150°C,

On the basis of its dielectric properties, pentoplast occupies an inter-
mediate posit:l on between polyethylene or polystyrene (with small coeffice

fents of diclectric loss) and polyamides,

Pentoplast has good engincering properties: it is easily welded with
hot air and it has sufficlently low vlscosity at the melting polnt (about
180°C). Its volume docs not change appreciably durlng the transition from
the molten to the solid state, and therefore the dimznsions of pentoplast
Itens are maintained during cooling and no internal stresses are set up,
Pentoplast can be formad readily by pressurcecasting or extrusion with ordie
nary equipment; fllms obtaincd by the extrusion method have good rechanical

charactoristics,

Pentoplast is used as o corrosloneresistant stiuctural raterial and as

4
a protcective contin387’9‘. Pentoplast coatines con be appliod by the method
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of gas-flame dusting, dipping in a suspensicn of thne polymer, or atomlzation
with subscquent sintering of the powder., Sheet pentoplast can be used for
protective linings. Pentoplast can be used to make equipment which operates

at high temperatures in aggressive media: valves and fittings, components of
pumps, valve diaphragms, tubing, packing, etc, Pentoplast is well-known abroad
under the name "penton" and is used widely In the chemical industry for making
piping systems, ventilation ducts, distillation columns, scrubbers and reac-
tors. Tubing of low-alloy steel is covered with a layer of penton 0,8-1.0 mm
thick, The Hercules Powder Co. manufactures such tubing in lengths of 3,5 m

with diameters from 40 to 600 mm,

Chlorinated polypentaerythritol 1s also manufactured under the tradename
“perodlon 301" in the form of an aqueous suspension which 1s used to cover

centrifuges (the suspension is characterized by cx¢-llent achesion to metal),

Polycondensation Plastics

Reinforced polycondensation thermoreactive plastics, containing fillers,
are characterized by high strength and are used as structural materlals,
Polycondensation plasties filled with glass fiber, glass fabric or other
forms of glass materlial are so strong and light that they can be used for the
fabrication of lerge-scale objects, such as the hulls of boats and shipns,

automobile bodles, and even buildings,

The propertlies of polycondensation plastics which are uscd as corruzicna-

resistant materlals are shown In Table 33,

—

Legend for Table 33:
A - Principal characteristics; B « Phecroplestsy € - Plionelites (K-17-2:,

K-15-23 and others); U - Faolitc: E « Textolitey F o« Amoniplasts A & B3
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Physical and mechanlcal properties of polycondensation plastics,

Table 33,
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legend for Table 33 (con't):

G « Polyamides; H - Polyester resinsy 1 - Organosilicon resins (asho-
voloknite); J - Epoxide recsins (reinforced);

1 - Original monomers; 2 « Diamines, amino- and dicarboxylic acids,
lactams; 3 « Dicarboxylic acids or thelr anhydrides and glycols;

4 - Epoxide compounds (epichlorohydrin) and diatomlc phenols; 5 « GOST
or technical conditions; 6 - Density, g/cm3; 7 - Specific resilience,
kgf/cmz; 8 « Limit of strength, kgf/cmz; 9 « under tensiony 10 - undeyr
compression; 1l « {n flexure; 12 - Relative elongation at rupture, %;
13 - Brinnell hardness, kgf/nv?; 14 - Martens thermal stability, °C;

15 -« Thermal conductivity, cal/cm-scc-deg; 16 = Coefficient of linear
thermal expansion; 17 - Specific volume electrical resistance, ohme-cm;
18 « Electric strength, kv/mm; 19 « D! Y--tric permeabllity (at 50
hertz); 20 - Tangest of angle of dielectric loss (at 50 hertz);

21 - Water absorption in 24 hrs, %; 22 - Temperature limit of utiliza~

tion, °C,

23 - According to data quoted in the book "iew Materials in Engincering"
(llovye materialy v tekhnike), edited by E, B, Trostyanskaya, Costops
tekhizdat, 1962, p. 51, the water capacity of polyunlde 68 is from 2,5

to §-104,

Pherioplasts are the most familiar thermor :active plasties, based on
phenol=formaldchyde resinse, They are products of the polycondenzation of

pliciol with formaldehyde,

They are divided lito three categorles, doncending n the nature of the
filler: pressin;-powders, fiberites and textolites, The larjyest gpgroup is

compesed of the pressinge-powders, which are forned into objects by ordinary
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casting or forming methods, Pressing=-powders arc classified as general pur-
pose, with good electrically-Insulating properties, Increased water-stability
and high heateresistance (K-18-36, K-211-~2 and others); chemically stable
(phenolites and decorrozites); highestrength (FKP, FKPM); and speciala-

purpose (for semiconductors and components of X-ray apparatus, Ke104-205),

In anticorrosion enginecering, fiberite end the laminated plastics,

10,25

faolite and textolite » are much more valuable than pressing-powdi rs,

Fiberite (voloknit) (TU MEhM 459.57) is used to make items with increased
mechanical strensth, Glass fiberite AG-4 (GOST 10087-62) is used for objects
which must withstand high temperatures (temperature limlt of use, from - 60
to + 200°C; Martens thermal stability, 280°C), Glass fiberite AG-4 Is formed
into articles by hot-pressing. The limit of strength amounts to 5000 kgf/cm2
under tension and 1300 kgf/cm2 under compression. A typical representative
of the fiberites used as anticorrosion matcrials is faolite, a thermorecactive
plastic based on a resol phenol-formaldchyde resin, The fillers used are
asbestos (brand A), asbestos and graphite (brand T) or asbestos and quartz

sand (brand P).

In the reinforced statc, faolite is (l.racterized by high chemical
stability, strength and machincability, Jt is manufactured in the crude
forn (for coatlinzs, linings, or as putty) and in the reinforced state In the

forin of shcets and finished {tens, Faolite hardens at 120-130°C,

The selection of finished and semlfinished producis of faolite is shoun
belowv:

Crude faollte shocts, 1000 % 1400 ruia, 8-20 1 thick,
brands A ond T TU Hxhi 322.45

Reinferend faollite sheotes of tho raune dironsicas,
brands A and T TU GRh2  35.44
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Faolite putiy, brands A and T TU MKhP 3444

Faclite pipe ond flttings of diameter up to 200 mm,

brands A and T TU MNKhP 32145
Valves {or tubing of diamete: 50 and 100 mn TU MKhP 325-51
Stopcocks for iubing of diameter 33 and 50 mm TU MKhP 3255
Vats with capacity from 60 to 1400 liters TU MKhP 32445

Adsorption towers, plate and cap coluwmns, tubular
absorbers, coolers, centrifugal punps and other
equi pment TU MKhP 3014-51
Faoljte Is known abroad under the name "Havegh,.
Texcolites and glass textolltes are materlals based on phenol-formaldes
hyde resins which are impregnated wlth cotton or glass fabrlies. They are

used as struvctural materials for making antifriction and electrically insu-

latiag itens, and aiso conponents which operate In aggressive media,

The followir; kinds of textolite are avallable, depending on the appli-
cation: gmall picces (Gu. 552), sheet elcctrotechinical (GOST 2910-
54), metaliurglcel (GOST 4184-54) and textolite rods (GOST 5385-5G), The

first of thes2 Is used as a corrosion-resistant material.

Aminoplasts are chermoreactlve plastics based cn carbamide resins, pro-
ducts of the polycondensation of cormaldehyde “;ith urea and its derlvatives,
The most widely used of tiem are pressing-powders of varlous colors, brands

A and B, K-77-51 (IU M-3833.53) and others, used for arc-vcsistant electro-

technical components and other itcms,

Polvqgggos3°

-

zro products of the polycondensation of aninocarbovylic

aclds or dliorurnos with dicarboxylic aclds, or of the stenwice polvrnrirzation
cf lactans, They are manufactured primarily as polyncrs vhieh are {ormed by

pressurc=castinn or connresclion-relding, They are used to fabriec:te varlcous

AN
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ftems for machine-construction, elestrical, aviation and other industries,
and also films and cements. Appreciable amounts of polyamides are used to

make synthetic fibers,

Examples of polyamides used es plastics are nylons, capron, caprolon,
resin 68, etc, Table 34 lists the brands and purposes of polyamides manue
factured by domestic industries, They are distinguished by high wear« and
abrasion=resistance, good antifriction properties, and resistance to atmos-

pheric effects, water and many chemlcal reagents,

lLegend for Table 34:
1 - Polyamlde resin 54; 2 - For shock-resistant jtems vhich are not
affected by petroleum products, olls, ethers and bases; 3 - Polyaride
resin 548; 4 - Same; 5 - Polyamide resin 63; 6 - For items which are
resistant to shnck, mechanical effects, allphatice, aromatic. and
chlorinated hydrocarbons, alcohols, aldehydes, ketones and solutlons of
bases; 7 - Polyamide resin AKe7; 8 « For water-, oil- and gasoline-
resistant articles with good dieclectric propertles; 9 - Caprolons
10 « For large-scale ltems, gears, bushings, slceves, washers, packing
materials; 11 - Polyamide film PKe4; 12 - For sealing and insulating
materials which are stable to hydrocarbons, and for racking and gas-
Impermeable materials; 13 - Capron (polycaprolactam); 14 - For gears,
bushings and parts of armatures; 15 - Reinforccd polyamlde 683
16 ~ For antifriction ltens which arc resistant to water, bascs, banzene

and pasoline,

Po'yester resins are products of the condensition of polyatonmie alcohols

and dibasic aclds o anhydrides (so-callcd alkyd rosins),
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polyester resins,
also as coloved-lacquer
polyester resins of the
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Table 34, Selcction and purpose of polyamides,

hydroxysilanes (organos.licon coi pounds),

e e —

following brands:

materials and cuinonts

-bé-

When polyesters are made from acids and alcohols containing reactive
double bonds beruveen the carbon atoms, the polyrmers formed are unsaturated

They arc used as binders in structural glasseplastics, and

3

Phel (STU 30.14086-63), PN.3 {sTU

MGFeS (VIU BU17-56), THGF<11 (5TU 12-10111--61),

Crranosilicon polyiiars are products of the pulycondensatlion of alkyl-
The polvrer chalns of these 1ole-

cules consist of alternating silicon and oxygpen arois, and the silicon stoms

« Domestic industries produce




are bonded to various organic radicals, The transformation of the resins to

the therrostable state occurs at 160-200°C, The products obtained have good
mechanical strength (nearly constant over a wilde range of temperatures from
«50 to +300-350°C) and high diclectric properties. Orgeanosilicon polymers
arc used to make lacquers, Impregnating compositions, cements and plastics;
also rubbers and liquids for lubricating olls, hecat-transfer flulds and

hydrophobic¢ materials,

The addition of a filler to an organosilicon polyuer ylelds a high-
strength, thermostable, elecctrically-insulating materlal which is used to
make electrical equipnment and flttings, casinzs and components ol electiical
and radio Instruments, arc-resistant itemns and various si.all articles vhich
operate under conditions of elevated (up to 200-300°C) temperatures. At the
present time, the folleowing organosillcon plastics are being manufactures:
asbofiberite K-41-5 TU 35-X1i.572-63, compression~molding waterlals of various
brands and glass textollites SKM~1 TU OEPP503-001-.57 aund STK-41 TU 35-%Pa270-

646 STK-71 VTU 76--58,

Epoxide resins (polyoxyesters) are oligorers and polvmers whose macl-

molectules contain epoxide groups

H.C—CH—
N/
o
They arve produced by pnlynmerizing dlatonle phonols with enextde ¢orpounds
(eplchlorohydrln). The epoxide groups are leocatad at the ends of the chaln
and the hydroxyls arc distrlbuted along the entire chalu, {hoev harden wndor
the influcnce of aulnes, anhydrides ef dlbasie a~ids aid other reagents %7
the mcchanisn of the polycondensation reaction, ‘The bardening process takes

place not only with heating, but also at room ter perature, Varlous brands of

. 157-




epoxide resins are produced, depending on the number of cpoxide groups and the

molecular welght., They are liqulds of a varicty of viscosities or sollds,.

Epoxlde resins adhere very well to metals, glass and other nonmetallle
materials, including plastics, They have high mechanical strength, good

dielcctric propertlies, and chemlcal stability in acld and basic medla,

Epoxide resins arc used to make cements, lacquers, enamels, patching and
scaling compounds, and electrical and radio components, They are also used
as binders for glass plastics and other laminated materials, as well as for

protective coatings32.

The following brands of epoxide resins are manufactured by domestic
industries: ED=5, ED-6, ED-L and ED-P (GOST 10587-63), E-40 (TU UKhP-295--

55) and E-37 (STU 30-14118--63),

Also avallable are the epoxide compounds K~153 (STU 30-14161--64) for
cementing materials and K-115 (STU 30-14148--63) for impregnating, sealing

and cementing of materials, otc,

Bituminous-asphaltic Plastlies

This group Includes plastics based on natural and petrolecum asphalts and
resins, bitumens, coal-tars, shale- and ligneous pltches., They are obtained

by tho pyrogenic destruction of various organle substances,

Plastics of this type are resistant to mineral aclds (weak and falrly
concentrated) and solutions of salts and bases. They are used chiefly for
insulntionvnnd corrosion-protection of underground pipelines and mains, They

are also used for the protection of floors in chemical plants33.
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Petroleum bltumens are used in the form of primer compositions (solutions
of bitumen in gasoline), as the primary material of coatings, and also for
glulng roofing-paper materials. Several brands of petroleum Litumens are

avallable, depanding on the softening temperature and other propertics,

Thermoplastic asphalt-pitch material (TU GKhP 26-50) is used for the

compression-nolding of battery casings, lids and plugs,

Bituminous mastlics (bituminols) are obtalined by fusing bitumens with

minerai-acld-resistant fillers (cements, kaolins, diabasic and andesitic
flours, ctc.) and with reinforcing additives (asbestos). Good results are
also obtained by adding 5-10% rubber (in the form of crumbs) to the bitumen,
This improves the elasticity, frost-resistance, stability of clectricai resis-
tarce In electrolyte solutions, machanical streagth and other properties of

the bitumens,

Bituminous-rubber mastics of brands }NBR-1-90, with softening temperature
not less than 90°C, and MBR~13.80, with softening temperature not less tban

80°%, arc used for insulating work.

Mastic compositions fréquently include rubrax, which is 2 high-melting
elastic product obtained by special processing of bitumens, A waterproof
roof ing-paper material based on bituminous-rubber mixtures is known by the
name brisol, Sheet roofing cardboard impregnated with bitumen is known as
hydroisol; a mixture of bitumen and asbestos fiber, processcd on rollers and

calenders, is called borulin,

Bituminous materials mix well with synthetic resins, Thus, for example,
adding epoxide resin to coal-tar resin ylelds the valuahle anticorrosion
matorial EKS-1, which combines the propertles of both constituents. This

material is applied In the form of a mastle, and It sets without heating in
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layers of any thickness. Coatings of EKS-l are stable in sulfuric, hydro-
chloric and 5% nitric aclids, and also in bases, petroleum products, olls and

gasoline,

Materlals Based on Rubbers

Natural and synthetic rubbers are high-molecularewelight compounds de-
signed for making elastic and rubher objects, Synthetic rubber is usuzlly
made by polymerization and copelymerization of various unsaturated conpounds,
Some rubbers arec produced by the polycondensation of appropgriate bifunctional
hydrocarbon derivatives, Rubbers are normally used In mixtures with other
ingredients: fillers, vulcanizing agents, plesticlzers, stabilizers and age-
ing-retardants. In the vulcanization oI rubber with sulfur, for example, the
agent adds at the sites of double bonds and Y“sews" the material together.
That is, a three-dimensional macromolecular structure is formed, giving the
rubber strength, elasticity and a certain rigidity. Depending upon the amount
of sulfur introduced into the mixture, it is possible to obtain rubbers which
are soft (2-4 parts sulfur to 100 par-s rubber by welght), semirigid and
rigid, called ebonites (50-6C parts sulfur to 100 parts rubbee by weight),
Ebonfite can be used indep ndentls for the protection of equipment or as a
sublayer, but it can also be used os a structure) material., Donestle induse
tries produce ebonlte shoots (GOST 2748-53), pipe (TU MihP 1420-47) and

tubing (TU WP 26-11),

Rubbers are used not only to obtaln reslns and ebonltes, used as cor-
rosion-resistant packing and sealing naterlals and for rubberizing {that is,
the coating of equipront te protect it from the actlon of agsressive media),
but also for naking cemciits, colevred-lacquer raterlals, scalants, binders,

34 . < .
ete” ., Flgure 15 shows th2 clascification of rubbers used In anticorrosion
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technolozgy.

Legend for Flg. 153
l- Rubﬁers; 2 « Synthetic; 3 - Naturalj & - Specialepurpose rubbers;
5 - Generale-purpose rubbers: SKB (sodium-bu:adiene), SKS (butadiene-
styrenc), SKD (cis-butediene), SKI (isoprene); 6 = Thermostable: SKT
(silicone) and thermouvenzostables SKF (fluorinated rubbers), SKIF (fluoro-
silicones); 7 - Weareresistant: SKU (polyurethanzs); 8 - Gas-tight:
butyl rubber; 9 - Frost-resistant: SKS-10, SKMS-10 (butadiencestyrene
and %-methyl styrecne), SKD (cis-butadiene), SRM (butadiere, obtained by
catalytic polymearization); 10 - Gasoline- and oil-resistant: SKK
(butadiene-nitrile), polysulfides (thiokels), chloroprenes (nyrite),
MVP (methylvinvlpyridinyl); 11 « Chemically-stable and ozone-resistant:
polyisobutylene, butyl rubber, chlorosulfonated polyethylene, fluoro-

rubbers, chloroprenes,

Large amounts of rubber are used for making tires. Smaller amounts are
used for making Industrial rubber {tems and relatively small amounts are
manufactured In the form of commercial non-vulcanized rubbers, some of which

are intended for rubberizing,

Synthetic rubbers of the following kinds arc produccd In the Soviet
Unfon: sodium<butediene (SK3), which is gradually belng replaced by the more
satisfactory polybutadiene of regular structure (553); butadicenc-styrence (SKS
and SK3); butadicne-nltrile (5Ki); polychloroprene (nyrite); polysulfide
(thiokols); silicone (SKEL) and several epsclal types of rubbers, Alroct all
of the rubbers listed above are used to picpare ravherising resing, ebonltes

and se~alants, At the present tirve, natural ruhber (LK) 3 still belng used

5]~
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Fig. 15, Classification of rubbers according to properties and purpose,

to an appreciable extent for rubberizing resins, Its structurc is that of

polyisoprene35'33.

Synthetie polyisoprene rubber (SKI), analogous to natural
rubber, has now bcen made and is being accepted, It can replace natural

rubber successfully in rubberizing resins39 (sec Table 35).

Legend for Table 1353
1 - Aggressive medium and test conditions; 2 - Physico-mechanical
characteristics; 3 = Resins besed on SKI-3, with filler of; &4 - powdered
silica gel; 5 = lamp black; 6 = Resins based on KK, with filler of;
7 - 20% hydrochloric acid, 65°C, 25 days; §& - Strength; 9 - Relative

olongation; 10 = Swelling; 11 - 334 sulfuric acid, 65, 50 days;

12 « 20% acetic acid, 50°C, 50 days.
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Table 35. Relative change of physico-mechanical characteristics of resins
based on SXI-3 and KX in aggressive media (in 7).

Non-vulcanized commercial rubbers are divided i{nto two basic¢ groups, in
accordance with the purpose and operéting conditionss general Industrial and
spocial purpose. The group of rubbers of general Industrial purposes consists
of soft rubbers, as well as those of medium and high rigldity, It includes:
1) rubbers designed for protection from water, alr and woak solutlions of aclds
and bases; 2) thermostable rubbers; 3) frostercesistant rubbers; 4) ofla
and pasoline-resistant rubbers and 5) rublbers with increased oil- and gasoline
resistance, Speciai-purpose rubbers include these used for the rubberizing

of cheml-nl equipnzat and for the coating of drums and fittings,

In selecting rublicrs and ebonites for protection fron the action of
agrresaive media, 1t 1s expediont to use the data of the AlleUnion Sclientific
Rescarch Institute for Standardizaticn and ltachinc<Construction (VulllrAsh),

RT# 22«61, “Protective Coatings by Rubbtr!zing“ho.

The physfcal and rmechanieal preportics of the rubbors and ebonltes rost

widely used for rubterizing, torcthor wlth the nietheoids used te bend them to
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metals, are listed in Table 36,

legend for Table 36:

A - Brand; B - Basls (rubber); C - Density, gfem>; D - Limit of
strength, kgf/cm2; E « under tension, not less thany F - in flexurec;

G - Elongation, %; H - relative, not less than; 1 « rosidual, not more
than; J = Rigldity by Ti-2, kgf/en?, GOST 263-53; K - Willlams plas-
ticity; L - Frosteresistance,’C; M - Method of bonding to metal,

1 « Rubberizing (soft) resins; 2 = With thermoprenc cement and 4508;

3 . By means of a sublayer of ebonite or thermoprene cemaentj & - By
means of a sublayer of ebonite; 5 - With leuconate or 200 cements

6 - Stendard recipe; 7 - Nyritej 8 - Butyl rubbery; 9 - Semiebonites;

10 - With cements 2572 and 18053 11 - Ebonites.

In addition to rubberizing resins, rubber lining-, packing- and sealing
materials are aiszo used In antlcorrosion technology. Linings are made from
industrial shcet rubber (SOST 7338-55) of five types: acld-basceresistant,
thermostable, frosteresistant, oll-sasolinc-resistant of brands A, B and V,

and sanitary (for foodstuffs),

The physlcal and mechanlcal properties of Industrial sheet rubbers ¢re
shown In Table 37 (tho first number of each entry refers to soft rubber end

the sceend to hard rubber),

Legend for Table 37:
1 = Type of rubher; 2 - Linmit of strongth under tension, kgf/cmz;
3 - Elongation, %; &4 - relative; 5 « resldualy 6 « Risldity by Tshlia2,

~
kgf/en®y 7 « Aclidebancercilstant; & « Thermastable; 9 « Frost-resistant;
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ebonftes used for ruberizing,
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Table 36. Physical and mechanfcal propertics of soft rubvbters and




10 -« Oll.gasoline-resistant, of brands; 1l - Sanitary.

Zlipeen 2 VYanwmeane, %
/ apounoctTy| 7 TaepaocTh
Tan peanut npu “otuocu- | ocratoy- | Mo TWM-2
pacvrmenitel  ponuioe noe Kecfomd
Kec/end .
7 Kncnorouenosectofikan . . . | 35—55 | 3502001 25--20 4—20
g'l‘ennoc'roﬂxa:i e e ve o s . | 4080 }300—100( 18—15 | 4,56—26
Mopozoctofikast . . . . . . . | 40—65 |250—200| 25—20 4—20
106Macno-Genaocroftkas Mapok:
AA-.. oo ... ) 60--95 [250—200| 30—20 4-21
HB., ... .. ... .. 45—~55 [400—180 40—15 | ~4—22
YB...... e 45 150 15 10—12
jiThmesas . « v o o o o o, | 40—45 {350—300| 35—20 4—~10

Table 37, Physico-mecnanical properties of industrial sheet rubbers.

Sealing materials are most often prepared In the form of mastics or

pastes. For the most part, they do not require heating for vulcanization or

hardening, Sealants are made from polysulfide rubhers (thiokols), silicones,
butadiene-nitrile rubbers combined with resins, and certain special fluorine«

containing rubbers.

Two brands of thiokol sealants are produced: U-30i (TU UT-949.-58) and
UT-31 (VTU UT«932-.59), These naterials are made up of three components,
which are mixed before use: the first component is the paste U~30 (thiokol
filled with carbon black or titanjum white), the second {s the paste P9,
containing & vulcanlzation agent and a plasticlzer, and the third is a

vulcanization accelerator In the form of a powderbl.

Foy botter adhesion, thiokol scalants are not applicd directly to the
metal, bat on a primer (VIUR, cemonts 8C«ll, K50, et¢.). The vulcanization
of thiokol scalants takes place at room temnerature in an average time of
26 hrs, Besides thoir primary purpose (scaling raterials), thiolol compounds

may be uscd as coatinss te protect motals from ioisture and water vapor,
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gasoline, solutions of inorganic aclds and thelr salts, and from atmospheric

and cther Influences, The adhesion of thiokol sealants and some of their

properties are improved by combining them with epoxide resins,

Electricallyeinsulating sealing compounds based on silicone rubbers have
been developed for protection from the astlon of moisture and the atmosphere
in a wide range of temperatures from -60 to +300°C, The most useful &nd

fanmiliar industrial silicone scalant is the compound K. (VIU Vel6«-64),

The scalants GEN-150 (TU P-105-.58) and GEN-301 (VIU ¥Kh? 3284..52) are
mixtures of butadiene-nitrile ruvber SKi=-40 with phenol-formaldehyde resins
(bakelite resin VDU and resin FEF), They are 5-6 times stronger than thiokol
sealants and 10-20 tilimes stronger than silicones, Tielr adhesion to steel is

not less than 35 kgf/cmz, and to aluminum it is as i:lgh as 70170 kgt/cmz.

New Types of Elastomers

The new elastomers which are used for protection from corrosion are sube
Jected to more rigorous demands for chemical stability and resistance to
abrasive wear, erosion, ageing in oxidizing media, etc, Elastomers based ¢n -
chlorosulfonated polyethylene, fluorine-containing polymers and copolymers,

95

and polyurethane rubbers™™ have such properties in some degree,

Chlorosulfonated polyethviene (KhSPZ) s obtained as a result of the

Introduction of a sulfochloride group (S0,C1) into the polyethylene molecule
in a preparation of polyethylene dissolved In carbon tetrachloride, sulfonyl
chloride (302C13) or a mixturc of chlorine and sulfur dioxide., The rubbere
11ke polyrmer, obtained in the form of white friable erunbs, §s vulecanlzed by
metal oxldes or salts of organic aclds (chiefly ragnesiui oxlde and lead oxide

or lead salts of orsanic acids). The structurization occura os a recult of r
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hydrolysis and subsequent reaction with sulfochloride groups., Vulcanization

occurs in the presence of organic acids or colophony (hydrogenated), which

improves the strength and engineering properties co. the mixtures“z’ﬁs.

Compared with other rubbers, KhSPE vulcanized rubbers are characterized
by exceptional properties: ozone-resistance, reslstéhce to abrasion and re=
peated bending, thermal stability {up to 120°C), and high stability in water,
strong oxidizers, solutioﬁs of acids and bases, and salts of inorganic acids,

Like rubbers based on NK, thelr brittleness temperature amounts to 40°C,

The recipes of rubber mixtures based on KhSPZ are given in Table 38, and
Table 39 1ists the propertles of the vulcanized rubbers (see Chapter 11l for
data on chemical stability). These meterials are used for rubberizing tanks,
pipe, voltaic cells and other vquipmentj they are also used for linings, acid-
resistant hoses, valve linings, and bearings for pumps and other machinery.
KhSPE is being produced on a pllot-plant scalc. It has been manufactured

abroad for more than 10 years unde: the nane "hypalon"qé.

Legend for Table 38:
1 « Polymer (KhSPE); 2 - Hydrogenated colophone; 3 - Lampblack or
channel black; & - Precipitated chalky; 5 « Magnesium oxide; 6 - Lead

oxide; 7 - Thiuramj; 8 - Altax; 9 - Captaxj; 10 - Neozone D,

Legend for Table 39:
1 - Rupture-resistance, kgt/cm2; 2 - Relative elongation, 7;
3 - Resldual eclongation, 4} &4 « Shorc hardness; 35 = Resistance to
tearing, kgtfem; 6 - Abrssion-resistance, cm’lkwh; 7 - Brittleness

temperature, C,
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ITloamsep (XCTI3) . . . . ... ... 169 100 100
ZKauudoas riuapupobansan . . . . . . . 2,5 2,5 10,0
JCaxa namnonas saM Kauasvias . . . — 0 40
4Mea ocaaeuboit . . v L . 0 . . . 80 — -—
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gKanTeke . . . . .. e e e . RE — —_ 3,0
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Table 38, Composition (in parts by welght) of rubbers based on KhSPE.

Ke-is» Peaentypa
Fro e 7/1«:'::
Iokéaatenn
Nl &N 2 N 3
I Conpotusaomite paspuisy, sec/cad . . . 243 115 237
ZQ0rHocuTeabHoe yaditkenue, % .. . . . 200 220 225
2Qcratounoe yamnenie, % - . o« . . oo 5 10 12
+Teepzocts mo Wopy . . . . . . . .. 77 65 85
5ConpoTilsrerite pasaupy, Kclest . o . . 64 54 40
£ConpoTiBreHite HCTHPaHIIO, CAS/AGM-Y . — 190 —_
7 Temuepatypa xpyngoctit, *C .0 o . . . —40 —36 —40
L4

Table 39, Physico-mechanical propaerties of rubbers based on KhSPE,

Colored lacquer compositions based on KhSPE in the¢ form of organcdispers-
sions harden at roon tempernture“. The coatings obtained in this way have
good mechanical properties and arc resistant to ageing and the action of oxi-

dirers. The high adhoslon to metals inmproves In the process of utilization

and the rance of opcrating tcmperatures 1s approximately from -50 to +120°C,

Fluorincecontaining elastomers, which differ from other rubbers {n thelr
increased chemical stability and hizh thermal stablility, are more satlisface

tory., They Include: copolyrers of vinylidene fluoride with trifluorochloro-
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ethylene (elastomer Kel-F of brands 3700 and 5500) and with hexafluoropropyl-

ene (vitones A, A-NV, fluorel), fluorcacrylate polymers (elastomers 1[4 and

2F4), fluorinated silicone rubbers (silastic LS.53), etc43=47,

Vitones are fluorinated rubbers which are obtained by the water-emulsion
polymerization of vinylidene fluoride and hexafluoropropylene at 100°%C an an
oxidizing.reducing medium, The copolymer has a linear structure, consisting
of alternating methylene and difluoromethylene groups, among which are very

short perfluorocarbon side-chains. It is very stable,

Vitone 1s a soft, white, translucent, rubber-like material of density
1.8 g/cms. The molecular welght of vitone A is 100,000 and that of vitone
ANV 1s 200,000, Recently vitone V has been introduced, with a viscosity

intermediate between vitones A and ANV,

Rubber mixtures of vitone V are superior to vitones of other drands in
elasticity, thermal stability, brittleness temperature, and resiscance to

nitric acld and several other media,

The Increased chemical and thermal stability of vitones can be explained
by the high fluorine-content (up to 654), Vitones are manufactured by the

Dupont Company97'98.

The vulcanlzation of vitons occurs by reaction with polyfunctional amir.cs
and peroxides or under the influence of - or Y-radjation., Amines cause pre-
sature vulcanizatlon (scorching), and therefore salts arc normally used (for
example, the carbamate of hexamethylenediamine). Thermal black, gas black
and metal) oxidcs (magnesjum, calcium, lead or a mixture of zinc oxide and di.
basic icad phosphite) are used as flllu.rs to facliltate the process of por-

oxide vulcanization,
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Vitones are always vulcanized ir two stagest first, under pressure at
150% for 30 min, and then completion of the vulcanization by heating in a

thermostat or oven for 24 hrs at 200-150 °C.

Fluorinated rubber (analogous to vitones) is produced by the Kellogg Co.
under the tradename "fluorel" (formerly called elastomer 214 and Kel-F-2140),
It is a copolymer of vinylidene fluoride and hexafluoropropylene (70:30),
Fluorel is a saturated polymer which contains more than 607 fluorine., It is
vulcanized in two stages, with the same reagents and under the same conditions

as vitones.,

Table 40 shows examples of a few typical recipes for resin mixtures based
on vitones and fluorel, and their physical and mechanical properties are

listed in Table 41,

legend for Table 40:
1 - Ingredients; 2 = Vitone Aj 3 « Vitone A-NV; &4 - Vitone V3
5 « Fluorel; 6 - Polymer; 7 - Carbon black; 8 - Magnesium oxide;

9 - Hexamethylenediamine carbamate,

Legend for Table 4l:
1 - Properties; 2 - Vitone A} 3 - Vitone A-NV; &4 - Vitone V;
5 = Fluorel; 6 = Density, g/cma; 7 - Brittleness tcmperature, C;
8 « Strength under tension, kgt/cmz; 9 « Relative elongation at rup.

ture, %3 10 « Shore A hardness.

A valuadble property of fluorinc-contalning elastomers §s thelr ability

to withstand protracted use at high temperatures: for vitones, 200.220°c;
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Table 40, Composition (in parts by weight) of resins based on
fluorinated rubbers,

‘7; s . i o e
TNoxkazareau B“;"" ?‘";Tﬁ}' B:gou Saoopen
¢ Hnotuocts, 2fesd. . . . . . 1,8 1,8 1,86 1,85
7 Temnepatypa xpynxocrit, *C . —45 —47 —49 —45
¥ Tpounocts npit  pactsncerint, :
Kecfex® oL 0oL 155--190 | 190—218} 158 165
Oruocirenpiioe yausieie npi
PampED, Y L .o . b e s 180—460 | 190—250| 390 | 225--320
2 Taepaocts no lopy A . . . 71 7175 74 65—71

Table 41, Physical and mechanical properties of resins based on
filuorinated rubbers,
for fluorel, 230.260°, and up to 315 and even 360 °C for short times. They

retain thelr elasticity at low temperatures (from =40 to =50 C),

Vitone resins can be used for the Insulation of conductors at low vol-
tages., The specific volume electrical resistance of vulcanized rubbers based
on thess materials is 2,5 x 1012 ohme-cm for Vitone A, 1,4 x 1016 chmecm for

Vitone V and 1,3-2,0 x 10‘3 ohmecm for fluorocl.

Vulcanized fluorinated rubbors ara distinguished by extraordinary chomie
cal stabiiity: they are reslstant to ntmospheric eoffects, ozone, oxidizing
agents (including 90Z hydrogen peroxide und fuming nitric acid), aliphatic-,
aromatic- and chlorinated hydrocarbons, aromatic anliics, petroloum and other

fuels and oils, They are also stable ar high temperatures in dilute and
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concentrated Inorganic acids and bases., They are soluble in ketones, alde~

hydes, ethers and organic acids,

Solutions of vitone in ketones are used for making films and for thermally-
and chemically-stable coatings on fabrics., Solutions of fluorel (25%4) in
methylethylketone, toluene or isopropyl alcohol are also used to obtain strong,

chemically-statle coatings.,

Since they are chemically stable, vulcanized fluorinated rubbers retain

their strength and elasticity well when exposed to aggressive media,

Vitone mivtures ¢an be processed readily with che ordinary equipment of
the rubber industry, They are extruded at 63-70°C and calendered with a
rcllerAtemperature of 50°C. In spite of the fact that its viscosity is higher
than that of other rubbers, fluorel can be rolled and formed easily on stane
dard equipmencs The casting temperature of fluorel is 165-160°C, but it is

used to make tubir; by the extrusion method at 66-76°C,

Rubbers tased on vitones and fluorel can be cemented or vulcanized to
metals by means of sllicone adhesives, but the adhesior obtained in this way
is only 3.5 kgf/cmz. For items operating at temperatures up to 225‘%, it is
recomnended that vitone rubbers be vastened with a cement based on the vitone
itself, The vulcanizing mixtures arc solutions of vitone In methylethylketone

with hexamethylenediamine carbamate or ttlethylenctetramlneqq.

Vitonas are used to make sealing rings, gaskets, packing, pressurec hose,
fuel tanks, protactive coatings, cemants and insulation for conductorsloo.
Vitone tubing is very smwooth and withstands the simultencous influerce of

high temmeratures (up to 200°C) and agoressive media, It is recormiended for

transporting petioleun producte, arcmatie coupounds, halogen-containing
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hydrocarbons, oxidizing mgdla, special fuels, lubricating oils and hydraulic
fluids, Vitone is used to make regenerator tubing for use in a toxic atmos-
phere, and it also can serve as an elastic covering for cables, Fluorel is
used {n ailrcraft- and rocket construction forr sealing fuel compartments, for
fuel- and hydraullc hoses and for insulation. In the chemical industry, it
is used for gaskets which are in contact with aggressive liqulds, and in

automobile manufacture it is used for sealing gear boxes, making brakes, etc,

Fluorinatad rubbers of these types (products of the emulsion.polymeriza-
tion of fluoro-olefins) are manufactured by domestic industries under the
brands SKif-32 and SKF-26 (VIU 46-10-~59 and VIU 825-60), kesins based on
these rubbers are familiar under the brands IRP-26 (VTU LSNKh 30016-58), 1136
and 20§3. These rubbers are produced in the form of white or black sheets of
thickness 1,4-2,0 mm, They are used at temperatures from -60 to +200°C as
sealing and clectrically-insulating gaskets in electrolytic condensers filled

with 384 sulfuric acid,

The ;"iysical and mechanical properties of the rubber IRP-1064 are listed
belows
Limit of strength under tens‘on, kgflcmz. + « ¢« o not less than 150
Relative elongation at rupture . « « ¢« « ¢« s ¢« ¢« Not less than 150
Residual elongation at rupture, % « ¢« « ¢« ¢« ¢« ¢ ¢ not more than 15
Specif{ic volume elcctrical resistance, ohm-cm
88 20°C 4 4 v o o o oo s s s e e s s e e s notlessthan 1 x 10!3
8t 200°C 4 4 4 ¢ o o s o 0 a e s s e s oo o hOt loss than S x 108

Electric styength, Kv/rmm o o o o o ¢ ¢ o ¢ o o ¢« DOt less than 15

The fluorinatcd rubhers LF4 and 2F4, basod on fluoroacrylate polymers,

aro vulcanizod by amines at 154°C for 30 min in the prescnce of aulfur, Tho
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resin is made by mixing 100 parts of fluorinated rubber by welght with 35 parts
of lampblack, 1.25 parts of triethylenetatramine and 1,0 parts of sulfur
(standard recipe). The vulcanlzed rubbers formed have the properties shown

ifn Table 42,

Legend for Table 42:
A - Propertiesy D - Fluorinated rubbers;
1 = Limit of strength under tension, kgf/cmz; 2 - Relative elongation
at rupture, %3 3 - Shore hardness; & - Swelling in benzene, %;

5 « Yemperature limit of use, °C.

A L b Oropraysyxu
Ioxasar>an :
1F4 bix}

/ Tlpencn npoukocTH Hpit pacTameniti, :

Kecfexd ., . L. 84 70
2 OruocHTeALNOE YAMMICHIE DpH pa3-

puse. % . . . .. N 360 400
ZTeepaocts no lopy . . . . . .. 52 32
+HaGyxanuite o Gensoae, % . . . . . 26 o, 19
STeuncpatyptinie  npecaut  AphMene- |, o fri ie

17 T O ¢t —30 po +-200] o1 —50 0 4200

Table 42, Physical and mechsarizal properties of vulcanized rubdbers
based on fluorcacryiate rubbers,

Fluoroacrylate rubders ere appreciubly iwre stable than nitr'le rubboers,

but they are somewhat less stable thar vitone and {luorel,

Fluorosiiicone rubbers. The chemical stability of silicone rubdbers,

wvhich are characterized by high thermal stablliry, mcy be {ncrcased by
fluorinating thems The fluorosiliecna rubhers obtalnied (for example, silastic
1S-37, & rubbher based on trifiuoropropylnothyldichlorosilane) have satlsfactory

strength propertica, elasticlity at low tomperatures and increased chenical
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stabllityl (Table 43).

. 1Q(ﬂ‘mﬁ-,ﬁ

Legend for Table 43:
A « Aggressive medium; B = Temperatufe,°c; C ~» Change of volume, %3
I} « Change of hardness; "
1l « Acotone; 2 - Aniline; 3 - 0il; 4 - Same; 5 -~ Carbon tetrachlore
. ide; 6 « Ethanoly 7 « Xylene; 8 - Nitric acid; 9 - 10Z; 10 - concene

trated; 11 - Sulfuric acid; 12 - Sodium hydroxide; 13 « 50%;

14 - Decomposes,

b
i . . & e 'l
, Arpecciouas cpena rengr ol e
(
JARCTOR .o v v v v v v . . 24 -3-81 —21
ZAumanit o0 0oLy - 24 +4 —1
3Macno . . ... ... e 150 -4 —6
dTowe . . . .. v .o .. 200 - +5 —14
SFYerepexxnopuctuit yracpoa . . 24 421 —6
& 3minoouil crpT . L L L . . L 24 +5 —2
ZRawson. . . . ... ... 70 +21 -8
§ Asorras xitchota .
910%-ar . . . .. .. ... 24 +1 +2
JCKOHUCHTPUDOBANMAR . . . . . 24 Co44 -1
#i Cepuasn xucaota ,
710%-Har . . ... .. —— 24 ¢ 0
/KOHULCHTPHPOBAHHAR . , . . . 24 14 Paapyuiaerca
2~ THApOOKICE HATPUR
410%-mag . . .. ... Tea 24 -2 -4
1350% mas . ..o oL L L . A +1 -4
102

Table 43, Chemlcal stavility of silastic 1S53,

Like other fluorinated rubbvers, fluerosilicone rubbers are vulcanized in
two stages?! at 150 °C under pressure for 1 hr and aot 200 °C i1 an oven or thornoe=

stat for 24 hre, The vulcanlzing agen's are peroxlides,

Sllastlcs have good oll-gasoline stabllity and arc 7-10 times more reslse

tant to solvents (isooctano, xylene, carbon tetrachlorldc) than dinethylsiloxe

anoe resins,




The physical and mechanical properties of silastic LS~53 are listed below:

Density, 8/Cm3 ® ¢ ¢ 4 & & 8 6 9 ¢ 6 0 & 6 0 » 1.4
Limit of strenath undor tension, kgf/cm2 o o e 70
Relative elongation, % e o o o o ¢ o s ¢ ¢ o o 55+60

Shore hardness « o » o o ¢ o o o 5 ¢ 6 0 ¢ o o 170200
Brittleness temporature,“C o o o o o ¢ & o ¢ o 68

Useful temperature range,C o+ o o o o s o o o =70 to 4260

Data on the chemical stability of KhSPE and fluorinated rubbers in var-

ious media are glven in Chapter 111,

Polyurcthane rubbers. Polyuretiianes are very promising polymers which

also can be used to obtain rubb.r. They are products of the polycondensation

of diisocyanates with high-moleccular~.elght glycols“7'50.

Polyurethane polymors are used to make elastic, water- and wear-resistant,
colored-lacnuer protective coatings for metals, leather, wood and other

materlals!?B'lpi,

Domestic Industries produce the followling lacquers based on polyurethane
polymers: Uk-71, UR-930 (VLU P~120+.60); primer UR-Ol; electrically-insu-
lating lacquers Ul-] and ULe2 and scaling compouads K.30, K<31, KG-102,
Kr-102, c¢tcs For tropical climatic conditions, the following epox{dceurcthane
coatings are recommanded: lacquer U-231 (V1U GIPI 4-337--61), lacquer UR-31
and primer VR.0l2, These lagquers are distinguished by hlgh watere.resistance
and good protective propertins, They are superior to epoxlde coatincs in
this respect, Depending on thelr coimosition and propertices, poalyurcthane

lacyuers may harden at ordinary teuporaturces or at elovated temperaturcs,

Polyuicthane rubliers are produccd abroad under tha tradenamas vuleollan,

6=




Adiprena, vibratane, vulcaprene, estane, etc. They also display a wide var.

fiety of physical, chemical and mechanical properties. Some of them, ruch as
adiprene L, for example, arc obtalned in the form of liquld polymers which

are used to make the de *ved products by castinug or molding.

Other types of polyurcthane rubbars can be made into elastic resins with

ordinary equlpment end can be vulcanized with sulfur and peroxides,

In the USA they produce four types of urethane rubbers, classified
according to thelr properties and methods of forming:

1) liquids, suitable for casting in molds with subsequent thermochemical
vulcanization (adiprene L, neotane, multratane);

2) regular urethane rubbers, processed on equipment used for ordinary
resins (gentane, vibratane, certaln brands of adiprene);

3) estane thermoplastic rubber, suitable for extrusion or :slding (btrands
5740X1, 5740x2 and 5740X7);

4) texin scorched thermoplastic rubber (brands 1924, 280A, 355\ and
others), suitable for prassurc-casting and extrusion at temnperatures which

guarantee complete vulcanizatlon {150-179°C and hisher),

Polyurethane rubhers adheve 211 t9 metalr, cau be used in the liquid
state, and can be vulcanized In ailr oy the open mathod (vith or without heate
ing), These valuable properties make them useful as coatings: secaling,
wvear-resistant, abrasioneresistant, and for protectlon against fuels, olls,
solvents and varjous chenleal media, Espeslal.y attractive to Investigators
13 thz pessibility of cbtainiag voath.gs ulth hAlgn resistance to eroilon and
abrasion, since the wear-coof{ficient of urethana zoatinpgs s sppreciably
lower (604) than ehlovinated rubbar (2204) ox enoxide (1904) coatirg.. Infora

mation is avallable on the use of vulcollans for wear-resistant cecating.:, on

«68a
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the protection of interior surfaces of gas tanks and other containers in

chemical plants with polyurethane resins, and also on the production of pipe
coated with these resins., This vnipe, which comes in diameters from 76 to

254 ym and lengths up to 914 mm, is used for transporting ahrasive materlals:
sand, suspensions, dry chemicals, etc. Polyurethane resin coatinzy of plping
systems &re 6,4 mn thick; they are reslstant to aggressive gases. According
to the evailable data, polyurethane elastomers are stable at 20 and 60°C in
water and in solutions of ammonium nitrate, ammonium sulfate, sodium chloride
and sodium hypochlorite. They swell slightly and corrode in solutions of
potassium bichromate and in hydrogen sulfide. The coating are attacked by
dry and moist chlorine, as well as by the following acids: nitric, hydro-
bromic, sulfuric, hydrochlorie, phosphoric, chromic, hydrofluoric, chloro-

sulfonlec, lactic and acetic,

Data on the stablility of polyurethane resins in 1004 butyric acid are
given below:

Swelling 8t 22°C, % o o o ¢ o 6 o ¢ o o o o 0 0 o 13

Change of relative elongation, %4 « o ¢ o s o ¢ » 10

Lossofstrength,’/-............o.. 23

Polyurethtane elastomers are completely stable in the fallowing organic
modia:  gasolline, glycerine, vegetable oils, aitphatic hydrocarbons (propane);
they are sufficiently stable In glycols, butanol, cthanol, 374 formaldehyde,
tatracthyl lead; they dissolve In acetone, benwmene, amyl acctate, carbon

bisulfide, carbon tetrachloride, methanol; they swell appreciably in tolucne

(43:%) and in trichloroethylene (1704).




Colored-lacquer bmterials5l'52

The selecticn of colored-lacquer materials, which includss primers,
fillers, lacquers, paints and enamels, is extremely large, The nonmetallic
polymeric materials of this group are designed to protect from atmospheric
effects (surrounding media), chemical .edia, water, gasoline, oil, high

temperaturcs, and also to serve as electrical {nsulatton,

Colored-lacquer coatings* are divided iato two gtoups, according to the

* In the choice of colored-lacquer coatings, it is very convenient to use

the machine-construction standaird !N 4200.62,

climate in which thoy are to be used: temperate-continental and tropical,

Until recently, the chemically stable colored-lacquer materlals used to
psotect metallic items from the direct action of chemically aggressive media
consisted mainly of perchlorovinyl resins and, to a lesser degree, phenolic
resins and bitumens, During the past ten years, epoxide resins have begun to
be used for protection from corresion, These materials have high chemical
stability in acldic and basic media and in solventst: alcohols, aliphatic and
petroleum hydrocarbons, aldenydes, benzene, etc, In addition, epoxide mater-~
jals can be hardened without heating and they withstand appreciable (up to

120°C) operating temperaturcs.

In choosing a coating for tha protection of cquipment, it Is necessary
to take into account the operating conditions (constant or periodic exposure
to chemically aggressive media). The Intermittent action of a medium on a

colored-lacquer coating is less serious than constant exposure to the madfun,

Depending on the coating selected, It may include a primer, filler,




enamel and lacquer, Thus, perchlorovinyl coatings, as e rule, consist of a
primer, enamel and lacquer; epoxide coatings consist only of a priwer or of a
primer ard enamel; phcnolic (bakelite lacquer) coatings consist only of a
lacquer with filler; and divinylacetylene (ethinol lacquer) coatings consist
of a primer and lacquer with fillér. The colored-lacquer materials which are

used to obtalin chemically stable coatingssl"55 are listed in Table 44,

Legend for Table 44:
A - Drying conditions; B - temperature,®C; C - time, hr;
D - Strength and clastlicity characteristicss

1 - Materlals based on cpoxide resins;

2 = Primer-filler; 3 - Redebrown; 4 - Enamels; 5 - Green; 6 - Hard-
ness by pendulum, not less than 0,5; 7 « Cream; 8 - Lacquer;

9 - Colorless; 10 - Films with high mechanical strength and good
achesion; 11 « Light brown;

12 - Materials based on perchlorovinyl resins;

13 « Primer; 14 - Elasticity by scale of flexibility 1 mm; 15 - var-
fous; 16 - Strength of film In flexure by scale no rore than 1 rm;

17 « Film mechanically strong; 18 - Green and white; 19 - Gray;

20 - Materjals based on phenolic resins;

21 - Bakelite resiny 22 . According to conditions;

23 - Materials based on divinylacetylence polyumers;

24 - Ethinol lacquer;

25 « Dituminous materials;

26 « Acld-resistant lacquerdll; 27 . Black; 28 - Elasticity by scale
of flevibLility 3 mmj 29 - Bltuminous lacquer 67; 30 < Coal-tar lacquer;
31 - Strength of film In {lexure by scale no itore than § mng

32 - Materjals based on rubbers;
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Legend for Table 44 (con't):

33 - Enamel 55, based on SKN rubber; 34 - Chlorinated--wi'.r lacquer.

Polymeric Cementing laterials

Cement ing compounds based on phenol-formaldchyde resins, under the naie
arzamite cements, are used widely for fettling work. They are used as an
independent fettling material or as a sublayer for sealing joints of inlald
linings and for cementing faolite, antegmite and other plastics. Arzamite ce-
ments are made up of two components: arzamite-solution (that is, phenola
formaldehyde resin) and arzamite-pouder, which consists of a filler (quartz
fiour, silica, barium sulfate, graphite) and a catalyst-setting-accelerator
(paratoluylsulfochloride). The components are mixed within an hour before
using, since these cements set quickly (in a day at room temperature and In a
few hours at 70°C). At present there are seven well-known gzrades of arzamite,
differing in thelr resistance to acids and bases, thermal conductivity and
thermal stability (Table 45). Arzamite-0 Is used at temperatures up to 160«

180 °C and the other arzamites can be used at temparatures up to 120°%.

Legend for Table 45:
A - Crade of arzamite cement; B « Limit of strength under tension,
kgf/cmz; C - Adhesifon; D - to St. 3, nrotcctive sublayer; E - to
impregnated graphlites
1 - Arzamite; 2 = As aclderesistant cement; 3 - As acld-base-resistant
coment} & - For cement which s resistant to hydrofluorle ecid;
$ . As acld-rasistant and heat-conducting ceronty 6 - As acld-base-
resistant and heat-conducting cenent; 7 = As acldercsistant, heat-cone

ducting and thermallyestable (up to 160-170°C) cenent,
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Table 45, Characteristics and vses of arzamite cements,

Wood, Carbon, Graphite

Wood, carbon and graphite arc noneplastic corrosion-resistant materials.

Wnod i a material with low corrosion.resistance, it decomposes under

tha influence of oxidizers and concentrated aclids, In splte of this, however,

it is frequently used for making apparatus of sirple shapes, ducts, parts of

tilcering canfrment and crates for chenlcal products.

The stablility of wood in agpressive nodla depends on its nature, If 1t
is impregnated with phenol-formaldchrae resins, for exanple, its stability is
increasod. Aftor impregnation and heating to 125-130°C (to set the resin),

wood bocomes sufficlently stablo in many apgressive media, with the exception

of oxidizors, bascs and sone organie solvonts, Plywood plp026 (CosT 7017-64),




} k8

with inside diameter from 50 to 300 mmm and wall thickness from 6.5 to 13 mm
(brands Fl and F2), is used in the chemical Industry for transporting weakly
aggressive media, Brand Fl1 plywood tubing is designed for an opeiating prese
sure differentlal of 10 atm, and brand F2 is designed tor a pressure of 5 atm

with tubing diameter 100 mm,

Carbon has very high corrosion-resistance, but it has not been widely
used in equipment-construction, mainly because of i1ts low strength, Since it
is a porous material, it is uscd to make filters, gas-mixlng diffusers and
other items of a similar nature, Carbon tiles and fettling blocis of anthra-
cite and pitch (TsiiTU-48) are used for lining large-scale equipment, for
exsnple, digesters for the cellulose-paper industry. Table 45 shows the

physical and mechanical properties of carbon,

Legend for Table %6:
A - Basic characteristics; B « Graphite; C - untreated; D - treated;
E - Antegnite ATM-1; F - Graphitolite (for casting); G - Carbong
1 - Density, g/cma; 2 « Limlt of strength, kgf/cmz; 3 < under compres-
sion; 4 - under tension; 5 - in flexure; 6 - Thermal conductivity,
kcal/mehredeg; 7 - Cocfficient of lincar thermal cxpansion;

8 « Temperature limit of use.

Graphite has good thernal conductivity and high chenieal stabitity, It
is used as a structural nmatorlal In the production of chemical apparatuss'56“58
and hoat-exchange cquiprient.  Since natural graphite contains impurities, the
chrnical industry usos syrthntic olectrode granhite, with porosity of 20-30/.

and somctimes as hich as 507,

In order to clininate the porosity of piv phive, it §s impreenated with

* 75«
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Table 46, Physical and mechanlical properties of graphltic materlals and carbon,

synthetic resins (mainly phenol-formaldehyde). It then acquires high mechani-
cal strength and impermeability. It is used to make heat-exchange equipment

of various types: submerged, sheathed-tube, "tube-in-tube' and block,

In addition to heat-exchangers, graphite Is used to take absorbers and,
sometimes, centrifugal and rotary pumps., It 1Is also used In the form of tiles

for fettling chemical apparatus.,

Plastics based on graphite have bheen used widely in the chemical indus-
try. A particular cxample s antegmite, in which the binder is phenol-forn-
aldehyde resin and the filler Is poudercd olectrode graphite, Antegnite s
fornod by conmpression.molding ot high tenperatures and pressures. There are
three faniliar brands of antegmite: ATilel, AT.-10 (TATE!N-0) and ATM=1G
(TATEM«C). Most corwon 15 ATiel, which 1s uscd to ke tubing (VIU Ne23l..
$4), fettling tile (ViY Mihli!-367..55) and centrifugal, horizental, single-

stage pumds with woving parts of AT!lel,
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The thermal conductivity of antegmite is three times lowor than impreg-
nated graphite, but appreciably higher than other plastics, The coefficients
of linear expansion of ATli=l and steel are similar, which is an advantage in

the fettling of steel vessels with ATH-1 tile.

The graphitic plastics also Include cast-graphite or graphitolite, which
is characterized by high fluldity. For this reason it 1s used to make items
by the so-called method of cold casting in closed or open molds, without prese
sure and at ordinary temperatures. These items include valves, contrifugal
pumps &nd other objects with complicated shapes which cannot be made of ime
pregnated graphite or antegalite, Graphitolite has the same chemical stability
as graphite and AT:-1, but, In contrast to the latter, it has almost no
thermal conductivity, There are three well«known brands of graphitolite:

WL, 2FNL and 5EFNL, which have different propertics and are used for casting
and fettling., The properties of brand IL graphitolite and other graphitic

materials are listed in Table 46,

All graphitic materlals arc distinguished by high chemical stability,
They are attacked only by basic media and by halogoens: bronlne, lodine,
fluorine (they arc resistant to chlorine), Craphlite and graphitic plastics
are used not only for the construction of chemical apparatus, but also as

antifriction materials,

Impregnated graphlte §s produccd abroad under the tradenames carbaite
(UsA), tgurite (GDR), dlabon (¥RG), ete., and granhitelite under the name
gussigurite (GDR),

Nonmatallic aterials of Inorsanic Origin

These are rainly fottling and accessory rntorlalssq. SYgure 16 shows a

.7.7-




rough classification of these materials and their physlca} and mechanicel
properties are listed i1 Table 47. The natural aclid-resistant matcrlals in-
clude substances consisting chiefly of silicon dioxide, which is responsible
for their high chemical stablility in moz¢ ageressive iedia, They are attacked

by finorine compounds and by caustic and carbonate bases,

Legend for Figure 16:
1 - Nonmetalllic materlals of inorganic originy 2 - Fused materials;
3 . Siilcate naterials based on cements; & -« Stone cast from diabase
and basalty 5 « Fused quartzy 6 - Cementsy 7 - Concretes; 8 - Sili.
catae glass; 9 - Enamelsy 10 « Plastersy 11 = Ceramic matorials;
12 - Natural acld-resistant materials; 13 « Acid-resistant materials;
14 - Refractory materials; 15 - Granite; 16 - Beshtaunite; 17 - Thin

ceramic; 18 « Asbestos; 19 - Andesite,
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Legend for Table 473
A - Material; B - Density, g/cm3; C -.Limit of strength, kgf/cmz;
D - under tensiony E - under counressiony F - in flexure; G - \later
absorbance, %; Ii « Porosity, %; I « Temperature linit of uses
J « Thermal conductivity, kcal/(mehredez); K « Coefficlient of linear
thermal expansion.
1 - Andesite; 2 - volumetric mass; 3 - Beshtaunite; 4 - Not less than;
5 » Not more thanjy 6 - Granite; 7 - Dlabase; 8 « basalt; 9 - Quartz
glass; 10 » Glass 13 for tubing; 11 - Thermostable borosilicate glass;
12 - Acid-resistant cnamels; 13 - Aclid-resistant ceramie tile (GOST
061.-57); 14 « Porcelain; 15 - Andesitic plaster; 16 « Diabase plas-
ter; 17 - softening temperature; 18 - Sulfur cement; 19 - Acid-resis-
tant concretes; 20 - Appreciable;
21 -« Yu, V. Dereshkevich, MAcid-resistant Structurces in the Chemical

59
Industry"”";

22 -~ Handbook for special operationséo.

Granites are used in the construction of absorpticn towers with media
temperatures up to 200.250°C, Peshtauniie and andesite, which arc highly
acid-resiscant, are used exclusively as fettling materlals. They are resis-
teant to Inorganic aclds and ageressive gases at 800.900C, In addition,
beshtaunite, like granite, is used in the construction of acid towurs and

andesite 1s used widely as a filler in cenrianting corpound:,

The acldercsistant paterfal asbestos s used as a {iller and In gasknts,
packiny and filter cloth, Ashestos is classified as anthophyllitic (acid-

resistant) or chirvsotilic (iare stadle In baste nodial,
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Physlcal and maehanical osropevtics of nonm»tallic corrosion-

resistant naterlals of i{novganic ord
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Fused silicate materials include diabase and basalt cast stene, used in
the form of tlles for fettling (VIU MghP 9029-~55) and, more rarely, for making
coumponents of chutes, plpinz systems, slecves, and spheres for ball mills,
These strong, hard materials with high chemlcal stability are brittle and
cannot withstanl rapid temperature osclllatlons. Quartz glass (fused quartz)
{s molded into contalners, tubing, of columns snd absorbers and
sometimes it is pressed into fettling tiles, Silicate glass 1s used to make

fettling tiles and es a structural material for tubing (GOST 8894-58), elbovs,

tees, condensers, fractionating coluns and other equipmait,

Borosilicate glass has increased thermal stabllity, so that tubing nade
of this material can be used in the temperature range from =50 to +400°C,
However, it must be remembered that glass of any composition is attacked by
hydrofluoric acid and concentrated solutions of bases (with the exception of

spaeclal base-resistant glasses),

Acld-reslistant enamels, Vitreous thinelayer coatings are subdivided

into two grouns: prirers end coverings. The thermal stabllity of these
enamels can be as high as 300.400°C, Domestic industries produce a variety
of enarcled items which are widely used in chemical processes. These ltens
have high corrosion-resistance In all organic and Inorganlc media, with the
exception of fluorine compounds and hot concentrated alkall solutlions., 7The
princlpal kinds of enameled chemlecal equipment are! storase tanks, with and
without linings, various types of reactors, autoclaves, vacuum apparatus,
evaporating mans, heateexchangers (coll, "tube-in-tube" or "vesselein-vesa
sel"), condensers, shcets and caps of fractionrting colu s, various

fiiters, crystallizers, mixers, plpe and fittinzs, valves and other equip-

mcnt.m .
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Ceramic acld.resistant and refractory items are made by molding natural

silicate materlals (basically clay with certain additives62) and then anncals-
ing until sintering 1s complete. Ceramic materials are subdivided into two
groups, depending on the degree of water absorption: stonc-ceramic and porcee.
lain with vater absorbance less than 5%, and refractory and filtering mater-
fals with water absorbance grecater than 574, Ceramic materials of the first
group are uscd for fettling tiles of varlous kinds (acid- and heat-acid-resis-
tant, ceramic , heat-acid.resistant for hydrolytic processes) and as
structural materials for the fabrication of chemlical equipment, Materials of
the second group are used for fllters and furnace linings. Ceranic heate
exchangers, pumps, reservolrs, reactors with stirrers, ball mills, blowers,
piping systems, valves, fittings, ceramic caps for absorption towers and other

26,105

equipment are used In chemical processes when strongly aggressive madia

are involved,

Porcelain 1s a thin ceramic material which 1s huird or soft, depending on
the annealing temperature. Soft porcelain has less strength and thermal

stability than hard porcelain,

Hard porcclain §s used to make fettling tiles which are distinguished by
{mpermeability and high mechanical strength. It is also used for varlous
{tens of small volume (up to 500 1) and dinensions: vacuun apparatus, con-

26

talners, pickling batiss, coils, valves, tubin:“", fllters, pump corponents,

etc,

Silicate cemeats are chemlcally stable naterials which include plasters,
cemonts and concretes. They are compounds which conslst of a fincly ground
minceral filler and the ccuient itself (liquid glass or bLitunon), The fillers
used aro gravel, sand, and~site, bLeshtaunite, quartzite {podered quartz),
diabasc and basalt,
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When the filler is mixed with 1liquid glass (aqueous solution of sodium

silicate), sodium fluosilicate is used to accelerate setting,

The silicate acld-reslstant plasters arc divided into the following
categorics, depcnding on the form of the filler: diabasiec, basaltic, ande-
sitic and litharge<glycerin, The last type contains lead monoxide or red
lead in addition to andesitic flour, and the liquld glass is replaced by

glycerin,

Cemonts arc classified as ordinary portland cementz, alunlnum sulfate
cewents, acid-resistant cements or sulfur cements. Sulfur cements differ
from other types In couposition and propcrties. The binder is replacaed by
molten sulfur and a plasticlzer (thioko! or thermoprene) and the filler, as
usual, Is a finely-ground, acid-resistant mineral, Sulfur ccuent is resis-

tant to minoral actds and solutions of their salts,

Concretes., Acld-resistant reinforced concrete is used for fettling
apparatus, for laying foundations under pumps which transfer aclds, for
covering floors and subfloors, and for constructing largcescale apparatus,

such as towers, tanks and vats.

Fireproof reinforced concrete is used at hich temperatures, The rein-

forcement Is rolled plate-, bar- or scction iron of carbon steel (St. 3).

Polyurreconerctes are now beconing avallable, These materials are ob.
tained by combining mincral cemonts (ceionte, gypsun, lime) and flllers with
organic polymerlc binders (resins, rubtbers, polyvinyl chloride, etc.)s One
exanple is falzoleconcrcte, which is based on furfurol-acctone resins of
varfous compositions, depending on the lntended uvse. A reagent such as bane

ronesulfonic acld 1z used for setting falzal, Polynmer-cciuerctes ray be used
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as coatings or for reinforced structures,

Nonmetallic Protective Coatin3863'65

Nonmetallic corrosion-resistant materlals are used not only for strue-

tural ftems, but also for protective coatings.

The protection of metals with nonmetallic coatings is accompl{shed by
various methods, the sclection of which is determined by the structure and

shape of the equipment to be protected and the conditions under which it is

to be used,

Plastic protective coatines. Dlictalliec equlpnent is protected by coatings

of, for example, viniplast or polyethylenc (a film of the plastic being used

is glued onto the apparatus or it is fcttled) or by inserts.

Viniplast film is attached by means of perchlorovinyl cement (a solution
of perchlorovinyl resin in dichlorosthane, stabilized by wmclamine), The
cement i{s applied by brush or by spraying in 2.3 laycrs onto a metallic sur-

face wvhich has been prepared, degreased with dichloroethane, and dried.

The protection of apparatus with inserts is more reliable than coating
with tiims, Irregular and cyvlindrical parts are made by molding thermoplastic
sheets, which are hcated to the appropriate temperature and bent by means of
wood or steel (for large sizes) forms, Irregular parts of inserts are made
vith special mandrels or compression molds and tha molded parts are weldceAd
tegother, The completed Insert §s placed in the natallle, wool or coucretle
vossel, leaving a apace betwecen the Insert and the wolle of the vessci, A
solution of llquid corient 1s pourcd into the spaca. divccetlv ar thrauch
spaclial holes In a steel apparatus. Thoe Inu-rt de (101! Ofvey vimer Wbl e

the solution {s belng poured in,
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Inserts prepared by this method can be used only for small-scale appara=-

tus,

In fettling, plastic plates (of viniplast, for example) of thickness
2«10 1mm are fastened to the body of the apparatus by bolts with spherical
heads, Each bolt is securcd by a nut on the outside of the apparatus, On
the Inside, the siot of the bolt is filled in with acid-resistant cenent and

then the entire head is scaled in with thermoplast®,

Small-scalc 1tems, such as cast«iron valves, are coated by pressing-in
thermoplast powder, heated with a spccial device to the required temperature,
This temperature is 150°C for polyethylene and 250 °C for fluoroplasts., In
this method the body (scat) of the valve forms one part of & compression mold
and the plug serves as the other. This riethod is uscd to linc cast-iron plug
valves with modified polytetrafluorocthylene (fluoroplast-40) and other fluoro-
plasts. Techniques have now been developed for the production of tubing
lined with viniplast, polyethylene and other therroplasts (VIU 289-62)26’66.
Protective coatings can be obtained with thermorcactive plactics by depositing
the green mix on the surface and then setting it by heatetreatment, The

materlals most widely uscd are faolite, textollte and asboviny120’26'25’67.

The preparation of faollte protective coatings for steel and castairon
apparatus (faoliting or fettlins) is done In the folloving way: sheets of
rav feolite, cut to the dimonslons of the apparatus and prehcated to 60’C,
arc coverc:d on one side with an alcohol solution (15:)) of resol resin (or
bakelite lacquer) and applied to the surface of the appuratus, which has been
coated with the same solution., The shects are pressed and carefully rolled
to rerove alr from the faolite layer (the remaining bubbles are~ punctured and

rolled a~ain), Subeler:nts are asserdled with butte or overlapping joints.
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After the surface has been covered with faolite, a coating of bakelite lacquer
is applied and the entire apparatus is placed In a polymerization chamber for
setting, The temperature in the chamber is incrcased gradually from 60 to
130°C, with a pause after cach increment of 10°C. The setting process nor-

mally takes 30 hr, although it may require 60-70 hr for large-scale items,

In the faoliting of shut-off fittlngs such as faucets, hcated raw faolite
is compressed in removable molds and then is set by the mothod outlined above,
Using this procedure with wood or metal molds, raw faolite sheets can be
formed into tubing, ¢olumns and other items, The molds may be split or

sectional,

For the protection of chemical apparatus with asbovinyl coatings, the
asbovinyl compound is applied with a spatula to the prepared surface of the
apparatus as a primer (layer of thickness 2-8 ma)., A seccnd layer of thicke
ness 3.4 mm 1s applied after the first has hardened, and a third layer of the
same thickness §s applied after the sccond has hardened. The surface being
protected and the first layer of asbovinyl recelve two coats of ethinol lace
quer, Under natural conditions, each layer of esbovin:’l dries in 5-6 days
and the final setting process requires 20.30 days. The drying time can be

shortencd to 10 days by using warm alr (40.50°C),

Coatings can be prepared fron powdered polymeric meterlals bv two
rethods: dusting by gas flame or vortex and deposliting from suspensions.
The naterials used with the dusting method are malnly plastics and occasione
ally rubbors (when they can be obtained in the form of finely dlvided pova-
ders; for example, thiokosl), For gas-flane dusting on an Industrial scale
the raterials rsed arc polycthylene, polypropylenc and polyamides, tHowover,

it is also possible to use [luoroplast-3, polystyrene, polyvinylbutyral

.86-
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(butvar), semisolid epoxide resins and other polymers. Gas-flame dusting is

accomplished by means of special deviccs68'70, such as UPil-4L,

Sections of the metallic surface are hcated with an acetylene flame to
200-210°C (Sfor dusting with polyecthylene) and a stream of compressed air with
plastic powder suspended in it is directed at the surface inside the stream
of burning gas. The plastic particles are heated and melted in £1light, Yhen
they strike the heated metallic surface, they adhere to it and fuse together
to form a continuous, monollthic protective layer. The number of layers

applied depends on the demands to be made on the coating,

The “vortex" method of dusting consists of heating the item to Le coated
to a temperature above the melting polnt of the plastic and then dipping it
in a suspended or "boiling" bed of powder, This fluidized bed is fo- med by
blowing compressed air (or an inert gas) throuch a porous diaphragm (head)
which is covered with plastic powder. The suspended powder acquires the
propartics of a "boiling" liquid, more then doubles 1ts volume, and freely
envelopes an object frmersed in it, When the powder falls on the heated
surface it melts and spreads out, forming a uniform, honogeneous protective

20,7174

film The plastic powders used with the vortex dusting method are

the same as thosn used with the gas-flamo method,

The wethod of depositing plastic powders from suspensions Is used prie.
marily for preparing fluoroplast coatinzs. Fluoroplest-3 or fluoroplaste3:
in the form of a 304 suspension iIn an alcoholexylene nmixture can be used for
this purpose, as can a speelal finely-divided {luoreplast<&D in the form of
an aqucous suspension, The suspension §s deposited onte the prepared (dy

sandblasting) ratatlie surfaer by povrinz, dipning or spraylu32°'75’77.

When fluoroplast-3 s applicd by this rmethod, eneh iayeiv has a thickness
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of no more than 15-20 microns. It is necessary to apply at least 1516 layers
1n order to obtain a coating, and each layer must be dried at 100-120C and
then fused togcther at 260.270°C. The technique for the preparation of this
kind of coating Is very difficult., The first two layers comprise a primer
and they contain chromic oxide (15%) to increase the adhesion, In the deposi-
tion of fluoroplast-3 suspensions, plasticlzers (fluorocarbon oils and
1iquids) can be used to increase tha thickness of each layer (by at least a
factor of two). This simplifics t:he coating technique and reduces the nunmber

of layers to 5-7.

After the last layer of fluo-opiast-3 has been deposited and {uscd, the
object 1s quickly fnmersed in cold water and the coating hardens. I'o quench=
ing 1s required when rodified fluoroplast-3it is used to prepare coatings, and

it is better in this casc to cool thc object slovwly in a thermostat,

The 60% aqueous suspensions of fluoroplast-4D contain fron 9 to 12% non-
fonogenic surfacc-active agents, which stabilize these suspensions and rake
then capable of wetting a varlety of surfaces, The techalques and procedures
used to apply fluoroplast-4D suspcensions are the same as for fluoroplast-3,

except that the sintering is carried out at a higher tenperature (370 ¥ 10°).

During the sinterin: process, the stablllzer s vavorized and the bar-
ticles of fluoroplast-4D are converted into a howogoneous film, Slow cooling
{2 recomuended In the preparation of fluoroplast=fiD coatings because it ine
ecreases the adheslon of the coatins. Rapld quenching in vater is necessary

when a {ree film is belng rade,

A coating ade of fluoroplast-&D is annreciabily less lmerveable than
one made of (luoronlaste3. It can be urted for antieadhesion, antl-friction

and olcrtrically-inzulating purposcs end for nroteetion only arainast ation-
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pheric corrosion,

Rubber coatines. The protection of metallic equipment with rubberebased

materials (rubbers, ebonites, secalants) is known as rubberizing. The process
consists essentially of applying the materlals in the form of crude, unvul-
canized sheets and then vulecanizing them, They are fastened to the metallic
surface by means of approprlate cements. The rubberizing of apparatus with
shects of PSG relnforced polylsobutylene requlres no vulcanization, The PSG
is fastcned to the metal with cements No. 88 and Fo. 8 without heating, under

67’78’79. F5G polylsobutylene can be applied to concrete,

ordinary conditions
brick and wood surfaces, as wcll as to metals, lHorcover, It can be welded
readily with an electric soldering fvon or by hot air with the torches used

for weldiag viniplast, It can also be bonded by simply wetting the surface

vith gasoline and then applying pressure with rollers.

PSG polyisobutylene, reinforced with carbon black and graphite, is used
as an Independent coating material or as a sublayer when fettling with acide
resistant tiles or bricks, It is produced in the forn of sheets with dimene
sions 3000 x 600 x 2,5 mns Apparatus which is to be coated with polyiso-
butylene nust have rounded (radius no less than 5 nm) and polished corners,

carefully-polishod welded scams and calked, countersunk rivet heads,

Two layers of cemont are anplied to a surfacoe which has been degreased,
sandblasted, washed with solvent (gasoline) and dried (the first layer is
alloucd to dry for 2-3 hours). Onc layer of cement is applled to a sheet of
P3G which has been trireed to fit, After 10-30 min it §s put in place,
stoothine it out fron coenter to edye like wallpaper to renove air bubbles., It

is thn rolicd to produse a hond,

Rubber and etonite shects are also used for rutlicrizine apparatusao'sl.
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Depending on the construction of the apparatus, the conditions under
which it operates and the aggressiveness of the mediwm, rubberizing may be done
with the following materials: ebonite or semicbonite only, soft rubber with
an ebonite sublayer, coft rubber only and vulcanized soft rubber. As a rule,
the materials are folded over and applled to the metn1 in doubled form or in

layers.,

Rubhers and cbonites are fastened to netallic surfaces end to themselves
by using the cenent which has been reconmended for each brand (see Tabie 36),
The vulcanization is carried out in vulcanizing kettles, in whicﬁ the object
belng rubberlzed is subjected to saturated vapor or hot alr at a predetermined
temperature, In some cases the rubberized apparatus itself can serve as the
vulcanizing kettle If it operates under pressure, This Is kinown ‘as a closed

method of vulcanization,

The increase of temperature and pressure In the vulcanizing process is
carried out in accordance with a program which has been determined for each

brand of rubler,

It is conslderably casier to vulcanlze without pressure by the open
method, with hot vapor, alr, water or a 407 solution of calelum chloride,
heated to boilinz, However, only a few rubbers can be vulcanized by this

mathod; In particular, those based on nairite and butyl rubber,

A more progresslve method of rubberizing Is the use of solutions and
pastes. This makes 1t possible to usc the methods which are used to apply
colored-lacquer coatings and to protect objects of complicated, as well as
sinmple, shapesaz. In order that this be practical, it is necessary that the

rubbers dissolve readily and form concentrated, but not viscous, solutions

which can be applied, like iacquers, by brushing, spraying, pouriny or dippina,
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An example of this type of rubber is chloroprene rubber which has been
previously digested and is therefore readily soluble, This material has a
lover molecular welght than usnal and 1s called liquid nairite (VIU JLU-109-.

61){in the USA this type of rubber is called KiR 1iquid ncoprcne)83’96.

A 67-7C% solution of the rubber mixture is applied to the surface by
brushine, pouring or dipping. The prepared surface §s covered with two laycrs
of chloronalrite primer (VIU LU-108.-61)., Fach of thesc layers is aged for 15
20 min and then no less than three layers of 1liquid nairite are epplied,

Each layer is maintained at 20°C for at least two hours and the final layer

is allowed to dry for threce days,

The coating 1s vulcanized for 18-24 hours at 100°C and normal pressure
by th> open method, in a chamber of any kind with enclosed heating, The elas-
tic rubber coating obtalned in this way has a thickness of 1,0-1.5 mm, It has
an adhesion to steel of 35«45 kgf[cm2 (at the breakeaway point) and it has
good protective properties, Sometires more concentrated (£0-904) nairite
compounds arc used. These arc pastes whlch are applied to the surfaces by
spatulas or sprayers of varlous designs, Pastes of this kind are used to make

hermetic scals,

In addition to liquid nalrite, liquid low-molecular-wcicht rubbers are
used for rubbeslzing from solutfons or pastes. This type of coatlng includes
rubboer mixtures baced on liquid chlekols: hernetics U-30M and UT-31, which
arc applied to surfaces belng protected or scaled by epatula or by spraver,
Thiokol ceatings arce vulcanlzed {n adr under ordinsry conditlens. Thlokols
c¢an be used to prolect or soal not only nctals, but also coucrete and othar

.
sur(ncosAl'“é.

The provarties of vulcarizned coatin:s baced on lquid nalrite and thieo'ol
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hermetics are listed in Table 48,

Legend for Table 485:
A - Properties; B - Vuleanlzed liquid nairite; C - Thiokol hermetics;
1 « Density, g/cm3; 2 = Limit of strength under tension, kgf/cmz;
3 « Relative elongation, 7%; &4 - Residual elongation, 73 5 « Vearabile
tty, cm3/kwh; 6 = Brittlensss temperature,®C; 7 « Adhesion to stecl

(through a primer) at the breake-avay point, kgf/sz.

I Byakainso- THOKDAODLIE FCpuoTaiH
Nokasarean Gt i ‘
kil wanpar | ¥Y-30M | ¥T-31
! TMnotiocts, 2fcsd . . . 1,3—1,5 1,2--1,4 1,6—1,7
4 Tpeaen npon(oc.u npi pacra
Wewnt, Kecfeat L., L 70—-90 - 30--35 35—-40
2 OmiicCitTenkloe yaANKeIIL, |
L e e e e e e e s 200-~220 300—400 450—5%0
- OCTaTO‘mOC yaakeie, % . 28§ 210 310
< Hetipacsoets, exdlwem-w . . | 430—550 1550--1630 | 17401970
< Temueparypa xpyniocrit, °C . —30 —42 —d45
Adcuﬁ<gwn(m\m3rmnﬂ
Ha oTpwa, rec/esd . ., 35—50 20 28 ! 1820

Table 48, Physical and mochanical propertics of thilokol hermetics and
vulcanized coatings based on liquid nairite,

Colored-lacquer coatinzs. Palnting with lacquers, enamels and paints is

used mainly for the protection of the exteriors of chemlcal apparatus anrd
bulldings, It is used to a lesser dearce for internal protective continus

for apparatus vhieh Is in contact with agcreasive m:d1n51’53.

The best rethod of applying colorcedelacquer coatings s by soraying with
conpressed alr, fed throuzh a spocial palnt sprayer, They can also be spread
adequately by the sinple brush mothods In addition, th: rothods of dipyping
and pouring are used, Fillers and primers can be applled by weans of a spate

ula,
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Two developing mcthods of applying colored-lacquer materials are painte
ing In an electric ficld and the method of clectrophoresis when water-emula
sion paint compositions arce used, Paint particles which fall into a high-
intensity electric fleld acquire a charge and preclpitate onto the surface

being painted, the latter having a charge of opposite sign,

In the casa of clectrophoresls, particles preclpitate out of an crulsion
under the influsnce of & constant current which is suppliced by an external
sourcc. The mechanization and autoration of the processes, which are being
improved constantly, are of great value in obtalning colored-lacquer protcce

tive coatincs.

The detalls of the applicatlion techniqua depend on the nature of the
lacquer or enancl, Perchlorovinyl coatings are apnrlied in many layers, with
intermzdiate drylng and final drying of the last layer for not less than 6

78

days at room tcmperaturc’ T,

Bitualnous-cil lacquers are applied In no less than two coats and the
drying tine of the fiim at 18-20°C awounts to 24-45 hours, depending on the

brand of the lacquoer,

Bakelite lacquers are solutions of phenol-formaldehyde resin in ethyl
alcohol, To obtain chemically stable coatin:s, they are appliced in 3-4
layers to prepored surfaces vhich have teen cleanad to a lusters The first,
prime coat (novinlly with a £iller) is applied vith a brush ani the subse-
quont lavers (of noirinl pajnt consistency) are applicd by a spraver, The
filler is add.d to the privosr dn order to frprove the adheslon of the lacqusr
to th~ 1:2tal) and to thy covering layors In ovdir not to froair the wearabil-

fty of th.. cortin-,
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Bakelite coatings are dried by gradual heating, with a pausc every 10-15
minutes, The first and sccond layers are heated to 100°C and the third to

136°c.

Epoxide lacquers and enanels may be hardened cold with polyamines or at
100-120°C with the anhydrides of phthalic or maleic aclds, Cold.setting epoxe
ide coatings are most promising for protection from corrosion, Epoxide colorecda
lacquer materlals arc supplicd in the form of two separate compounda: epoxide
fillers or enamels with all of thelr compoinents, and a setting solution which

i1s added to the first coupound immediately before use,

For fillers E«4020 and £-4021, a 504 solution of hexamethylencdiamine is
uscd as a hardener, Th2 setting process takes 24 hrs at 18-20°C and 7-8 hrs
at 50-70°C, Fiilers are applied in scveral coats, sincc the thickness of

each layer amounts to no more than 0,5 ym,

The com:erclal enamels OEP-4171 and OEP-4173 are also hardencd with hoxae
methylencdiamine in two hours at 120°C, in accordance with TU. They nay alsc
be hardencd at room temperature, but a longer tlima Is required (24 hrs for
each coat and several days for the last), loreover, the protecctive pronertics
of'cold-hardencd cenanels are somewhat noorer than those of enamels whleh have

been hardencd at higher temperatures,

Protection with fettling 51};567

o feottling with inlald materials ts usced

for the protcction of large-scale apparatus: tanks, celunns, autoclaves and
other cquipnznt, Thz flrst step of the fettling procrac is the application
of a layer of plaster, cement or concrete binding naterial (so-called filler)
to tho preparcd nctal suriace. After this laver has dried, the fettlin- tiles
arc erbedted In plaster, vhich forus a layer of thickness 9«0 rin under the

tiles and fills the cracks betueen theny The fettline Is dricd, and In soro




cases the scams are subjected to acidification (for opcration in aclidic media),
The fettling iz done in one, two or more layers. In recent years there has
been an Increase In the use of combination linings, In which a sublayer of

polylsobutylena is applied to the apparatus before fettling,

For fettling they use silicate materlals (acid-resistant brick, ceramic
tile, soe-called "metlokh" tiles , aclderesistant and heateacid-resistant
ceramic tile, diabase and basalt cast-stone tile and, less frequently, glass
and porcelain tile) and also organic materiils (carbonegraphite tile, imprega
nated graphite and antegmite). Arzanitc or silicate plaster is used as the

binder and for filling cracks.

In contrast to other materials wiilch are used for fettling, graphitic
materials ave thermally«conducting, which 1s a necessary condition for the

protection of heat-exchange equipnernt,

In addition to the protcctlve coatings enumerated above, which involve
the use of nonmetallic materials of organic as well as inorganic origin, acld-

resistant coatings of cemonts; conercote and biturens ere also !*".0(133.

The protection of casteiron and stecl items by enameling is of great
fmportance in tho constructlion of chemical avparatus., The nethods ¢f enanele
inny arc clasceicied es wet or drys A primer enanzl of special conposition is
applicd to the metallic surface flrst. This comninsates for the moachanlcal
and thorral stresses wilch arlse betveen the petal aid the enarmnl coating,
Then several coats (usually three or four) of covering enaanel are applied,
vith pertlal deying of each coat and final ann2allin:s of the enancled object
at §5n.900°C, The nceessity of anncaling linits the possibllity of epanaling

larscencale cquipnont,

—9‘_’)-




In adfttion to the welleknown mothod of cnameling with subsequent anncal-

ing in a furnace, a new method of enam:ling in an electronagretic field with

induction currents has become increasingly accepted in recent years, In this
case tiic enameling Is not done in furnaces, but on automatically-opcrated
mechanical benches and stands, Domestic industries use this methiod to pro-
duce enameled pipe with flanges (with dlamoters of two-three inches and

+ lengths up to two meters) and matching tee526.

For enameling chemical equipment, speclal brands of acid-resistant
covering cnamels are used: 105, 141, 143 and others, The finished enameled
ftems nust be tested for continuity of the coatings. To verify the quality
of the enamel (at the time of application), special sanples are tested to

determine the heat- and acid-resistance and several other properties.
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C! apter 111

CORROSION=RESISTANCE OF METALS AND RONMETALLIC MATERIALS

This chapter contains dlagramsl32 of the stability of several materlals
in hydrochloric and sulfuric acids (Figurcs 17 and 13) and a table of the

corrosion-resistance of common materlals In various Inorganic and organic media,

spdie? paers
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Fig. 17. Diagram of the stability of materials in hydrochloric acid, accord-
ing to the data of G. A, Nelson (132)(the reglions of stability are
shaded):

khastolloy V, tantalum, silver, platinum, mone) metal (in the absence
ir), alazs, graphite; 2 . khastellsy Y, tontalum, silver, slatinum,
glass, eraphite, rubbers, frolite, saran, nickel (in the absence of air),
monel metal, copper, silicon bronze; 3 < khastelloy V, tantalum, plati-
num, silver, silicon bronze, glass, graphite, faolite, saran, rubbers;

4 - khastelloy V, tantalum, platinum, silver, plase, graphlte;

5 « khastelloy A and V, tantalum, silver, platinun, glass, graphite,
faolite, saran, rubbers,

l -
af »
e -

All of the materlals included In the table are arranged by groups in the

follovwin: order:

Group 1 .- metalllic alloys based on {ron?
steels
carbon;

chrome, containin: 13/ chrotunyg
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Fig. 18, Dlagram of the stability of materlals In sulfuric acid, according
to the data of G. A. N2lson (132)(the regions of stability are
ghaded):

1 - lead, khastelloy V and D, stecels of the type OKh23k28143D3T, glass,
graphite, faollte, rubbers (up to 77°C), copper (in the absence of air),
monel mectal, aluminum bronzes; 2 - lead, silicon cast iron, khastelloy
V and D, steels of the type OKn23323:3D3L (up te 66°C), glase, graohite,
faolite, rubbers (up to 77°C), copper (in the absence of air), monel
metal, aluminun bronzes; 3 - lead, khastelloy V and D, steels of the
type ORh23i28::3D3T (up to 66°C), silicon cast iron, monal metal (in the
absence of air), glass, graphite} & - lead, steel, silicon cast iron,
khas:eclloy V and D, steels of the type OKh23:i28M3D3T, glass, graphite
(up to a concentration of 964); 5 = silicon cast ireon, khastelloy V and
D, lead (up to 80°C), stecels of the type 0Nh23:223L3T (up to 66°C),
glass, graphite (up to 80°C and a concentration of 96%4); 6 - steel,
khastelloy S, stcels of tha types 186-8 and (ih23N2813D3T; 8 « silicon
cast iron, khactelloy V and D, slass; 9 « silicon cast iron, glass;

10 « glass,

Group I (con't):
chrene, containing 17-257% chromium;
chromeenickel, with decreased nickel content, type Kh2li5T;
chromr-nicka! of type Khl&i10T;
chroimenickel, contalning molyvdentin, typa Khl7i12M2T;
chromo-nickel, containing moelybdanum and conper, type 0Kh23::28113D3T;
cast irons

gray;

silicon,
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Group Il « non-ferrous metals and alloys:
aluninum;
copper;
bronzes
aluminumg
ting
brass;
nickel;
nickelecopper alloy (monel metal);
nickel-molybdenun alloys of the type K70:i27;
lcad;
silver;
tantalumg
titaniumg
zinc,
Group III « polvmerization plastics:
polyisobutylencs
polyethylene;
polypropylen=;
polystyrung;
polymethylucthacrylate (organic glass);
polyformaldehyde;
polyvinylehleride (viniplast);
polytrifluorochlerocthylene (fluoroplast-3);
po)ﬁtetraf]uorocthylono Lfluorspiastas);
ashovinyl,
Group 17 - polycoadensatlon plastics and resinss

polvanlides;
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Group IV (con't):
polyester resins;
chlorinated polyester -« pentoplast;
polycarbonates]
phenoplasts
textolite;
) faolite;
arzamite plasters;
epoxide resins,
Group V < resins based on tubbers:
naturals
butadienc~styrene}
butadicne-nitrile;
butyl rubbter;
polysulfides
fluorinated rubberss
chlorosulfonated polycthylencs
chlqroprene.
Greup VI - colored-lacquer materials:
bakelite lacquers;
bituminous mastics and lacquers;
perchlorovinyl lacquers and cnanels,
Group VII . natcrials of Inorsanic origiu:
natural acld-resistant materials;
glass;
aclid.resis’ 1t enanels
acideresistant ceranicy

porealalng
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Group VII (con't):

silicate cements, concretes, plasters.
Group VIII - other materials:

wood;

antegnite (graphitoplast);

impregnated graphite;

carbon,

Information on the corrosion-resistance of various materials is given In
the table for cach particular aggressive medium, with an evaluation of tho
stability at a given temperature or within a specified range of temperaiures.
When there is no information on the stability of a part-icular material, its

nano is omitted from the table,

The ageressive media are iisted in alphabetical order. Inorganic media

are considered first, and then organic media.

Media for which there is only a small quantity of data on the stabllity
of matorials are not considered separately, Data of this category are listed

under media of similar nature, with appropriate notations to this effect,

For salts, bases and aclds there are entries which give the concentra-
tions of the saturated (T = 20°C) aqucous solutions for which the data on

corrosion.resistance are valid,

In the absence of notes to tho contrary, the stabllity rating applies to
any intermediate concentration within the limits indlcated for the mediun In
question, For cases in which the corrosion.resistance of the naterlal is
stronoly dependent on the concentration of the madiun (aclds, for example),
the concentration for which the data anply is siven after the nnme or an

anpropriate explunation is glven In the remarks,
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i , The concentration of a solution for which data on corrosioneresistance

i are quoted may excced the concentration indicated in the characteristics of
the medium; and likewise the temperature 1imit of utilization may be higher
than the bolling point, This is the result of a change of conditions:

: temperature, pressure, cte,

In order to facliitate the location of salts in the table of corrosiona

resistance, their technical (international) namas are given below:

e NI e g e,
g;;‘ ‘"’ &’o’puyfa ‘f’éxﬁ i 'mcx'o:: :s;\‘::vﬁz;\y’m POAIOE)
A

Azomnetoxieare . . . . . o] MeNQ; Hurprret /
Asotrokieaste . . . . . . .| MeNO, Hurpatat 2

o BpoMucte . . . . . . . .| MeBr Bpomitzs 2
Jieyxpomopositeanie « . . . . | Me.Cr0y Buxpovatst -
Honucywe . , . . . . . . o Mel Hoantet -~
Ho HoaaToxitcaue e e o] MelO, Honarut ¢
Kpemuerienue . .+« . o .y Me;SiO, Ciitkatet meta 7
Kpemuedropicinte o« . . .| MeoSiFg dropeimukatst ¥
Mapraitwoposueante . . . . .1 MeMnOy Hepyvanraratst
Haacepuokncauwe . . . . . .| Me:S.04 Tlepeyavhatat /.
PojgamiteTie . . . . . . . .} MeNCS Tuownanate +7
Cephlicouensie . . . . . .| Me.SO, Cynuhutt 72,
Ceputitctoiucnsie kuease . ., McHSOy Bucyasdire 7
CepiicTta . o + o v o« 4 o Me,S Cranithia 2
CepHonaTucroKicane . ] Me.S:04 1" inocyanrTh 7
Cepuoitichinie <. o « . .+, o1 Me.SO, Cynphatt /0
Ceprokicasie Kieaue . . . .| MeHSO, Bueyaudars 7
Yrackeeave . . . . . . .0 Me.CO, KapGouatst .
Yraexucane wacawe . . . . | MeHCO, BuxapGouatut . *
Yxeycnokuaawe . . . . . .| Me{CH,CO0)! Aueratut .
Qocoproeane . « o . . . Me,PO, ©ocdatat 17
OropueThe . v o o v v . o | MeF Dropiuant
XnopucThie . . . . e o o | MeCl Xnopuau J° 7
XnopuosaTictorucane .. . . | MeQCl Turoxaopits - =
Xnopronarouucine . , . . .| MeClO, Xaopatut ..
Xuopriokitenne . . . . . . . MCIO, Mepxnopatut 74
Xpovosowitcane . . .. . Me.CrO, XpoMatut
Wiaerete o . o . . . . L] MCN Wianwaw .
Ulaveacontitcavie s o + + . .| Mey(CO0), | Oxcanaru ¢

dames of salts found in the table

Lesend for table (Translator's note:

of the corrosion-resistance of materials,

Only the international names are trans-

lated, since most of the Russlan naios have no other comon equivaleonts):

l = Ritrites; 2 « litratos; 3 - Bromldes; & - Dichromates;

5 - lodidesy 6 - Jodates; 7 « lotasilicates; 8 - Fluozilicatesy
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9 = Permanganates; 10 - Persulfates; 11 - Thiocyangtes; 12 - Sulfites;
13 - Bisulfitesy 14 « Sulfides; 15 - Hyposulfites; 16 - Sulfates;

17 - Bisulfates; 18 - Carbonates; 19 - Licarbonates; 20 - Acctates;

2] - Phosphates; 22 - Fluorldes; 23 « Chlorides; 24 « lypochlorites;

25

Chlorates; 26 - Perchlorates; 27 - Chromates; 28 - Cyanides;

29 - Oxalates,

For organic mecdia the characteristics are the melting point and boiling

point of the medlun,

Information on the stability of materials is given for individual sub-

stances.

For organic acids which are soluble in water, the stabilities of matera

fals In aqucous solutions of these acids are listed,

When data on the corrosion-resistance of materials correspond to boiling
points (b. p.), they refer to tic bolling points of inorganic and organic

1iquids or of aqucous solutions of inorganic and organic compounds,

The followlng conventional symbols have been adopted for rating the
corrosjon-resistance of materials:

b « completely stable;

X « stable;

0 - slightly stable for metallle materlals; rclatively stable for other
waterials;

il « unstable,

In addition, double sywbols are cncountered fn the ratings of corrosion.
resistanee of materials: for example, h-l, B=X, X-0, cte, Those Indiecate

chances of stability, The reaszons for the changes are slven In the appronriate
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"Remarks" columns, When there are no remarks, the change of stability is

¢ caused by an Increase of temperaturec,

If a rating of B, X, O or H is glven ih the "Stability" column and a
footnote to this column refers to a change of stability In relation to various
' factors (temperature, concentration), this means that the change in the rate

of corrosion falls within the limits of the corresponding rating (for cxample,

0,1-1 mn/yr for the rating X).

The corrosion-resistance of the materials of cach group is evaluated

differently.

Metals and alloys. Metals and alloys (groups I and 1I) are rated on a

five=point scale of corrosion-resistance (see introduction), with the distince

tion that metals which correde at rates greater than 3.0 mm/yr are referred to

] one group Instead of two and are rated as unstable, practically unsuitable for

use:; This rating method agreces with data from the foreign feference litera-
102,111,128,132 and with

ture on the corrosion-resistance cf metals and alloys

the maxlmum allowable values of corrosion permecablility which have been adopted

by the chemical lndustry77 (sce table on page 9),

In the table below, the adopted system for rating the corrosion.resise

tance of metals and alloys is compared with the flve-point and ten-point

scales,

Legend for table!

A - Adopted stability ratine; » « Rate of corrosion, mm/yr; ¢ - Stabile
ity group; U » Stability rating on five~point scalej E - Stability

F rating on ten-point scale (GO5T 5272.50);

1 « Completely stable (B); 2 = Very stable (point 1); 3 - From complctely
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10 - Unstable (H);

6 - Decreased stability (points 6,7);

stable to stable (polnts 1=5); &4 « Stable (X); 5 - Stable {point 2);
7 « Slightly stable (0);

8 « Decreased stability (point 3); 9 = Slightly stable (point 8):

11 - From slightly stable to unstable (points 4,5);

12 « From slightly stable to unstable (points 9,10).

A Tipwioinag encnxa croiikoeTit

CKODOCTL
8 KOPpO3itK
K feod

I
~

TPyRnu CTONKOCTH

b
Quenka ¢TolkocTH No
aATHGASNLHON LKA

E.‘
Citeiika eTofikoeTn 1o
AccsThaAMbIOR Hikane
(1 OCT #272-50;

<0,1

-3

>3

0,11

!
Brouiie crofikne

()

3

Croitkue (X)
Manocraliie \O)

h-
‘{?cc'roﬁm:e 13))

Nonmetallic polymoric materials,

Becbma ctoiikne
(Gaan 1)

Crofiwite (6ann 2)

Nomukenuoctolikug

;1 (Gaan 3)

T MAKGSTONKHX R0
KecToitkiix (Gannbi
4,5)

Or conepwenito
CTOMKUX 4O CIGit-
& Kux (6anawm 1=5)
NMomukeimocrofikie
-~ (Gannw 6,7)
Manoctoiikue (Gana

Or maaccioiikux jo
necrofikiux (Gaaaut

9,10)

In rating the corrosion-resistance of

nonmetallic polymeric materials (groups III, IV, V, VI), changes of mass or

volume under the Influence of the ag

a

ressive medium are consldered,

Changes

of mechanical properties are also consldered when data are available,

For rubbers, the change of elasticity after exposure to the aggressive

medium is also taken into consideration (if the relative elongation at rupe

ture amounts to less than 1004, the rubber is consldcred to be unstable in

the mediun in question).

In evaluating the corrosion-resistance of nonmetrllic materials of ine

organlc origin and other matcrials (groups VII and VIII), the following

categories are uscd:

stable (B or X), relatively stable (0) and unstable (H),

This §s duz [act that tha evaluation of, for example, natural and silicate

materials is ordinarily conflined to the deternlnation of acldereslctanca and
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water-absorbance, The 1limit of strength under compression or tension is

tested only for load-bearing structures. The acid-resistance of these maters

fals should be at least 97-98/,

In evaluating the chemical stabllity of enamel coatings, the loss of

2

mass in ng per cm® of surface is concidered and external changes are also

noted (dullness, roughness).

-

The table on page 111 shows a comparison of the qualitative ratings
(using the adopted symbols) of the corrosion-resistance of materials in the
various groups with the quantitative ratings or with the characteristics of
the surfaces (in the case of enamel coatings). There is also an indication
of the use of ﬁhe materials in each category in relation to thelr corrosion-

resistance,

Legend for table:
A = Rating of corrosion-fesistance; B « Metals (groups I, 11);
C - Rate of corrosion, mm/yr; D = Use; E « Nonmmetallic polyiaric
materials (groups III, IV, V, VI); F - Change of mass, %} G - Change
of strength, %Z; H - Nonmetallic materials (grouns VII, VIII);
I « Enamels; J -« Silicate and other materials; K « Condition of sur-
face; L - Acld-resistance, %3
l - For any apparatus or machinery; 2 - For equipncnt of simple cone
struction; 3 « Only for replaceadble partsy; & « For parts which are
changed frequently (after expeririantal testing); S5 « Decomposa undsr
the influence of the medium and are unsiutable for usej; 6 - Unchanged;
7 = Slightly dull; 8 - Dull (rough); 9 « Deconpose; 10 « Unlirited;

11 = Limited use (under certain conditionz); 12 - Not recor-wended for

uUscC.
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